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(57) An opening is formed in resin 20 by a laser 
beam so that a via hole is formed. At this time, copper 
foil 22, the thickness of which is reduced (to 3 urn) by 
performing etching to lower the thermal conductivity is 
used as a conformal mask. Therefore, an opening 20a 
can be formed in the resin 20 if the number of irradiation 
of pulse-shape laser beam is reduced. Therefore, oc- 
currence of undercut of the resin 20 which forms an in- 
terlayer insulating resin layer can be prevented. Thus, 
the reliability of the connection of the via holes can be 
improved. 
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conductive circuit is blackened (oxidized) and reduced; a coarsen ing method (hereinafter called a "soft etching method") 
which uses mixed solution of peroxide and sulfuric acid to soft-etch the surface of the conductive circuit; and a coars- 
ening method (hereinafter called a "scratching method") with which the surface of the conductive circuit is scratched 
with a sandpaper or the like. 

[001 5] However, if the conductive circuit is coarsened by the Cu-Ni-P plating method of the blackening and reducing 
method, followed by forming an interiayer insulating resin layer, and followed by applying a laser beam to form an 
opening for forming the via hole in the interiayer insulating resin layer, the coarsened surface of the conductive circuit 
is undesirably removed and flattened owing to the irradiation with the laser beam. Thus, there arises a problem in that 
the adhesiveness with the via hole formed above the coarsened surface becomes defective. 

[0016] The reason for this lies in that the coarsened surface formed by the above-mentioned process is colored and, 
thus, the colored surface undesirably absorbs the laser beam. 

[0017] When the coarsened surface has been provided for the conductive circuit by the soft etching method or the 
scratching method, the coarsened surface does not absorb the laser beam. Since the coarsened surface has not 
sufficiently been coarsened, there arises a problem in that satisfactory adhesiveness cannot be realized between the 
15 conductive circuit and the interiayer insulating resin layer. 

[001 8] To solve the above-mentioned problems experienced with the conventional technique, a still further object of 
the present invention is to provide a multilayered printed circuit board and a manufacturing method each of which is 
able to realize satisfactory adhesiveness with the interiayer insulating resin layer which is formed on the conductive 
circuit, with which flattening of the coarsened surface of the surface of the conductive circuit can be prevented when 
a laser beam is applied to form the via hole in the interiayer insulating resin layer and which has a via hole (conductive 
circuit) having satisfactory adhesiveness. 

[0019] With the conventional technique, the via hole is formed by drilling a through hole in the interiayer insulating 
resin layer and by disposing a metal film in the through hole. Hitherto, the through hole has been formed by employing 
photosensitive resin to constitute the interiayer insulating resin layer and by exposing a position corresponding to the 
through hole through a mask on which a black circle has been drawn to sensitize the interiayer insulating resin layer 
so as to dissolve the non-sensitized portion corresponding to the position of the black circle. 

[0020] The foregoing photolithography method, however, encounters a limitation of the smallest diameter of the 
through hole, the limitation being a diameter of about 80 ujtl Therefore, the foregoing method cannot meet a require- 
ment for raising the density of the multilayered printed circuit board. Therefore, the inventor of the present invention 
has come up with an idea that the through hole is formed by using a laser beam and performed experiments. As a 
result, a through hole having a diameter not larger than 80 urn can be formed. 

[0021] However, a fact has been detected that the reliability of the via hole is unsatisfactory when the via hole has 
been formed by using the through hole having a diameter not larger than 80 u.m. The cause of the foregoing fact has 
been studied, thus resulting in a problem of insufficient adhesiveness between the through hole and the electro I ess 
copper plated film. That is, the via hole is formed by depositing the electroless copper plated film. Satisfactory adhe- 
siveness cannot be realized between the through hole formed by using a laser beam and having a small diameter and 
the electroless copperplatedf ilm. Asaresult, separationoftheelectroless copper plated film from the through hole causes 
disconnection to occur. 

[0022] On the other hand, the conventional photolithography technique has been performed such that the through 
hole is formed by performing exposure and development. Therefore, only photosensitive materials are permitted to be 
used. Hence it follows that the performance required for the multilayered printed circuit board cannot sometimes be 
satisfied. 

[0023] The conventional multilayered printed circuit board suffers from unsatisfactory reliability of solder bumps. The 
cause has been studied, thus resulting in the insufficient adhesiveness between the through hole and the metal film. 
That is, the solder bump is formed by enclosing solder in a portion on a nickel plated film deposited on the surface of 
the conductive circuit below the opening. The adhesiveness between the conductive circuit and the nickel plated film 
has been unsatisfactory, causing the nickel plated film to be separated. It leads to a fact that disconnection of the solder 
bump occurs. 

[0024] To solve the above-mentioned problems, a still further object of the present invention is to provide a multilay- 
ered printed circuit board and a manufacturing method therefor each of which is capable of forming a via hole exhibiting 
satisfactory reliability and having a small diameter. 
[0025] To solve the above-mentioned problems, a still further object of the present invention is to provide a multilay- 
ered printed circuit board and a manufacturing method therefor each of which permits selection of high-performance 
material for the solder resist. 

55 [0026] A still further object of the present invention is to provide a multilayered printed circuit board and a manufac- 
turing method therefor each of which is capable of forming a reliable solder bump. 

[0027] On the other hand, the through hole provided for a core substrate must precisely be formed. Thus, a through 
hole having a diameter smaller than 1 00 ujn cannot easily be formed by drilling. Therefore, the through hole is formed 
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in a copper-plated laminated board by using a laser beam 

[0028] An optimum laser beam is a carbon dioxide laser because of a low cost from the viewpoint of industrial oro- 
ZSEl ^ r di ° Xide ,3Ser iS undesirab 'V reflected by the surface of the copper foH ThLrlre is a 

s^esee.": est ~ Ma,a * -*~ - ■ ~ 

[ kSL ^TS^l^TT- h0WeVe '' "" bl "= k «"«S P'<*«* <° t» P-tamM M. causing a proMem 

to anse in that a long manufactunng process is required w«wn 

b? e 3 n°Ln A Hth ?H ° f t energ t tic studies P^°rmed by the inventors of the present invention, an unexpected fact has 

[0031] To solve the above-mentioned problems, a st.ll further object of the present invention is to realize a iechnioue 

Z C u£ C ZTJJZTr ,n9 8n ° Penin9 in aC °PP-P^ 'aminatedboard and relTa IsuSS 
m^of y the fore 9° ln 9 m ethod and a multilayered printed circuit board 

EL t!, 3 h? dSnSity mu,ti,a y ered stnjctur e has been required in recent years, a built-up multilayered 

subsSte on whf/h ha TT ted at,enti ° n - multila y ered ci ™« board is a mu.ti.ayered circuit board I having core 

*2 ,h.r * C ' rCUitS and inter ' ayer inSU ' ating resin « ^ed. The conduce 

circuits in the layers are connected to one another through a via hole 

of^g^ 

[0034] However, the glass epoxy resin substrate of the FR-4 grade encounters a problem in that the insulation re 

r^cTXlTolZT T S ^ rSdUCed in 9 HAST tBSt 3 St6am t6St - An ° ther ^ a the 

resistance of the through hole chain was excessively changed as a result of the heat cycle test That is the reliabilitv 
realized after use for a long time has been unsatisfactory. reliability 

hThL T ° SOlV V h . e above - mentioned P rob| em, a core substrate which employs BT (Bis maleimide-Triazine) resin 
has been suggested. The foregoing substrate is, however, a costly substrate 

Setw^Tthm^Tr 1 "I?" COnSidered Probability of preventing reduction in the insu.ation «ht- 
to ^rh ^ k ■ 9 S and Chan9e the resistance of the conductive circuit for connecting the through holes 

to each other by using low-cost resin such as epoxy resin in p.ace of the costly resin, such as the BT resin As a result 

SISTESE r a r Und that fOre90in9 Pr ° blem iS C3USed from ,he Tg »*« °< *e resin ' 
E ri Accord,n 9 to the present invention, a low-cost multilayered printed circuit board is suggested which is free 

1ZZ Z f mSU 'f 0n reSiStanCS b6tWeen thrOUgh holes as a res^ of the HAST test and thHteam test and 

ss cjc, e test. " """^ ^ C ° nneCtin9 "» thr ° Ugh h ° ,6S t0 each other as a -^a "at 

SS? p ThS math ° d ° f manufacturing the printed circuit board is broadly divided into a subtractive method (a Sub- 

met^H K° CeSS) ™ {an MMh PrOCess >- The tractive method is also ca^ed an etch no 

* : f h,Ch 'sff actenzed by chemically corroding the surface copper foil of a cm^tS^££i 

Scribed manUfaCtUnng 3 Pnnted CircUit board < a d oub.e-side board) by the subtract process wi, now brSly be 
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laminated board to dissolve and remove the smears. After the desmear process has been completed etectS 

throuohS" 9 ° f T T 9r ° Und ' ayer COnSt " Uted by C ° Pper foil and the '""er surface of an opening S ££££ 
through hole ,s performed so that a thin p.ated layer is formed. After the foregoing plating process has been comSld 

inT^Ze^: plated ,a T Th r • ,hick p,ated ,ayers are formed in ^Po^S^^SS 

rJ^H tk \ e ' eCtr0,yt,C C °PP er P ,at,n 9- After the foregoing plating process has been completed the mask is seoa 
rated. Then, etch.ng » performed in a state in which an etching resist has been formed on the th Ick ,Ztf aver bv 
solder plating or the like. The etching process is so performed as to remove the thin plated layer and the greu 5 Nave" 
Tnufacted 6 ^ ^ ** ^ h S6 P arated s ° a required printe^iS ooaX 

[0040] The foregoing method, however, is impossible to accurately form a fine pattern having a satisfactorv shaoe 
Tan rhe a rr nStlCS , V? * C ° ndUCtive ^ ha ™9 a bottom SSTSST; 

[0041 ] In view of the foregoing, a still further object of the present invention is to provide a method of manufacturing 
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printed circuit board with which a fine conductive pattern having a satisfactory shape can be formed. 



pisclosure of the Invention 



£0042] A method of manufacturing a multilayered printed circuit board according to claim 1 comprising the steps (1 ) 



to (5): 



(1) pressing resin for forming an interlayer insulating resin layer having a metal film formed thereon against a 
substrate for forming a conductor circuit; 

(2) reducing the thickness of the metal film by performing etching; 

(3) forming an opening in the metal film; 

(4) applying a laser beam to remove the resin for forming the interlayer insulating resin layer exposed through the 
opening so as to form an opening for forming a via hole; and 

(5) depositing a plating conductor in the opening for forming the via hole so as to form the via hole. 

[0043] The present invention according to claim 1 employs a metal film thinned by etching and thus having a lowered 
thermal conductivity as a conformal mask. Therefore, an opening can be formed by a small output laser. Hence it 
follows that generation of undercut of resin for forming an interlayer insulating resin layer can be prevented. 
[0044] A method of manufacturing a multilayered printed circuit board according to claim 2 comprising the steps (1 ) 



(1) pressing resin for forming an interlayer insulating resin layer having a metal film formed thereon against a 
substrate for forming a conductor circuit; 

(2) reducing the thickness of the metal film by performing etching; 

(3) forming an opening in the metal film; 

(4) applying a laser beam to remove the resin for forming the interlayer insulating resin layer exposed through the 
opening so as to form an opening for forming a via hole; 

(5) forming an electroless plated film on the substrate for forming the conductor circuit; 

(6) forming a plating resist on the substrate for forming the conductor circuit; 

(7) electrolytic-plating a portion in which the plating resist is not formed; and 

(8) removing the plating resist to remove the metal film and the electroless copper plated film below the plating 
resist by performing etching. 

[0045] The present invention according to claim 2 employs a metal film thinned by etching and thus having a lowered 
thermal conductivity as a conformal mask. Therefore, an opening can be formed by a small output laser. Hence it 
follows that generation of undercut of resin for forming an interlayer insulating resin layer can be prevented. 
[0046] After an opening for forming a via hole has been formed, an electroless copper plated film is formed on the 
metal film. Then, an electrolytic copper plated film is formed on the electroless copper plated film. When the conductive 
circuit and the via hole are formed, the electroless copper plated film lower than the resist layer is removed by etching. 
Since the metal film and the electroless copper plated film, which are thin films, can easily be removed, the electrolytic 
copper plated film constituting the conductive circuit and the via hole is not corroded during the etching process. As a 
result, a circuit having a fine pitch and a via hole having a precise diameter can be formed. 
[0047] The present invention in claim 3 according to claim 1 or 2, the metal film is copper foil. 
[0048] The present invention in claim 4 according to claim 1 or 2, the thickness of the metal film is made to be 5 u. 
m to 0.5 ujti in the step for reducing the thickness of the metal film by performing etching. 

[0049] In accordance with claim 4, the thickness of the metal film is made to be 5 urn to 0.5 jim. The reason for this 
lies in that undercut occurs if the thickness of the metal film is larger than 5 pm. If the thickness is not larger than 0.5 
u.m, the function of the conformal mask cannot be obtained. 

[0050] In accordance with claim 5, an interlayer insulating resin layer incorporating a metal film having a thickness 
of 5 urn to 0.5 um is pressed against a substrate having a conductive circuit formed thereon. 

[0051] In the present invention, the resin film having a metal film formed previously is pressed. Therefore, satisfactory 
flexibility can be realized which permits the resin film to easily be pressed against the substrate having the conductive 
circuit formed thereon. 

[0052] According to the present invention, a method of manufacturing a multilayered printed circuit board is provided, 
incorporating a substrate on which a lower conductive circuit is formed, an insulating resin layer and an upper conductive 
circuit formed on the lower conductive circuit and having a structure that the lower conductive circuit and the upper 
conductive circuit are connected to each other through a via hole, the method of manufacturing a multilayered printed 
circuit board comprising the steps of: forming the lower conductive circuit on the substrate; forming the insulating resin 
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layer on the lower conductive circuit; forming a coarsened surface on the surface of the insulating resin layer; forming, 
on the coarsened surface, a metal layer having an opening through which a portion of the coarsened surface is exposed; 
irradiating the coarsened surface exposed through the opening with a laser beam to remove the insulating resin layer 
to form an opening for the via hole; and forming the upper conductive circuit and the via hole. 

5 [0053] According to the present invention, a method of manufacturing a multilayered printed circuit board is provided, 
incorporating a substrate on which a lower conductive circuit is formed, an insulating resin layer and an upper conductive 
circuit formed on the lower conductive circuit and having a structure that the lower conductive circuit and the upper 
conductive circuit are connected to each other through a via hole, the method of manufacturing a multilayered printed 
circuit board comprising the steps of: forming the lower conductive circuit on the substrate; laminating, heating and 

10 compressing metal foil having a coarsened surface formed either surface thereof and the insulating resin layer formed 
on the coarsened surface such that the insulating resin layer makes contact with the lower conductive circuit so that 
the metal foil is integrated; etching a portion of the metal foil to form an opening to expose the coarsened surface of 
the insulating resin layer; irradiating the coarsened surface exposed through the opening with a laser beam to remove 
the insulating resin layer so as to form an opening for forming the via hole; and forming the upper conductive circuit 

is and the via hole. 

[0054] As a result of energetic studies performed by the inventors of the present invention, a fact has been found 
that the cause of residues produced in the operation for forming the opening for forming the via hole is the structure 
that the surface which is irradiated with the laser beam is a mirror surface which reflects the laser beam to inhibit 
complete removal of the insulating resin layer. . 
20 [0055] The present invention uses the detected fact such that the surface irradiated with the laser beam is formed 
into the coarsened surface to prevent reflection of the laser beam. 

[0056] In the present invention, the resist against the laser beam is metal layer or metal foil. Moreover, the opening 
is formed in the metal layer or the metal foil. The opening is irradiated with a laser beam capable of realizing a diameter 
of a spot light which is larger than the diameter of the opening so that the opening for forming the via hole is formed 

25 jn the insulating resin layer. 

[0057] In the present invention, the surface of the insulating resin layer exposed through the opening in the metal 
layer or the like is formed into the coarsened surface. Therefore, reflection of the laser beam can be prevented and 
the insulating resin layer can completely be removed. Since upward expansion of the periphery of the insulating resin 
layer can be prevented, also disconnection of the via hole can be prevented. 

30 [0058] Although the reason why the expansion can be prevented cannot clearly be detected, an estimation can be 
made that the coarsened surface has a high absorption with respect to a laser beam and the resin is easily formed 
into plasma. 

[0059] The inventors of the present invention have energetically studied in order to realize the foregoing object. As 
a result, etching solution containing a cupric complex and organic acid is used to etch the conductive circuit. Thus, 
35 flattening can be prevented when the surface of the conductive circuit is irradiated with a laser beam. Moreover, a 
coarsened surface exhibiting satisfactory adhesiveness with the interlayer insulating resin layer formed on the con- 
ductive circuit and the via hole can be formed. The foregoing detected fact is used to establish the present invention 
having the following essential portion. 

[0060] A multilayered printed circuit board according to claim 12 comprising: a substrate on which a conductive circuit 
40 js formed; an interlayer insulating resin layer formed on the conductive circuit; an opening for forming a via hole formed 
in the interlayer insulating resin layer; and another conductive circuit including a via hole and formed on the interlayer 
insulating resin layer, wherein 



the surface of the conductive circuit is subjected to a coarsening process using etching solution containing cupric 



stripe pits and projections are formed on the inner wall of the opening for forming the via hole. 

[0061] According to claim 13, a method of manufacturing a multilayered printed circuit board including (1 ) a step of 
forming a conductive circuit; (2) a step of forming an interlayer insulating resin layer on the conductive circuit; (3) a 
step of applying a laser beam to form an opening for forming a via hole in the interlayer insulating resin layer; and (4) 
a step of forming another conductive circuit including a via hole on the interlayer insulating resin layer, wherein 

the surface of the conductive circuit is subjected to a coarsening process by using etching solution containing 
cupric complex and organic acid. 

[0062] It is preferable that the method of manufacturing the multilayered printed circuit board has the step of spraying 
etching solution containing the cupric complex and the organic acid to the surface of the conductive circuit or the 
conductive circurfis imm'ersecf friThe etching solution under a bubbling condition soThatthe surface of the conductive 
circuit is subjected to the coarsening process. 

[0063] In claim 1 5, a multilayered printed circuit board incorporating interlayer insulating resin layers and conductive 
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acidTi ToTr 20 Tr 0 r cjn ( z ■ t to ? x 1 °- 2 moi/,) - nickei m * <° 1 * 1 °- 3 - <° x 1 ^ 

areola thai the qu.mity o, dopnd co^ZiZ IS,^ S S "" 7 daz ° le "a*"** imidazole It is p,.,. 
mthat aobla su o„ as Pd JhSSoaa iSoT^X ^ ^ » 1 «t% to 15 *t%. Th. reason lo, ,hia Had 
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L0083] To assist the dissolution of copper and oxidation of ^nio ha i^»a • « 

ions or bromine ions, may be added to the etcWn sXionT I 9 '° nS ' ° f eXamP ' e ' f ' U ° rine ions ' chlorine 
chloride maybe added to supply halogenTon Tn Tor^aZ* t J! PreS6nt ' nVenti ° n ' h y drochloric «** or sodium 
to improve the adhesiveness^*^ ^ ° f hal0Qen ions is 0.01 wttt to 20 wt% 

[0084] The cupric complex of azofe and th™ Z , 6 a " d ,he ' nter1ayer insu| ating resin layer, 

adjust the etching solution * ""^ "** (and ha '° gen ions if necessar V> are dissolved in water to 

ttwSsszsi i^ses^:^*^ an ^ bath * 1 - * 1 °° - 1 

[0086] TLmetalcoarsene^^ g/l to 1 00 g/l NaOH to 1 g/l to 50 g/l NaBH 4 . 

consisting of T, Al, Cr, 2n. Fe. In, Tl, C Sn ^ B Tano I nib* rnT materia ' S S *' Ctod fr ° m 3 

ness with the solder resist, .t is preferable that ihe thfcknl ^ 1 1 ma ' nta ' n 9 lossiness an « ™P™e adhesive- 

[0087] In the present invent i 7^er£,T^T^ ^ materia ' is 0 01 t™ to 1 ° Km. 

or smaller. The foreooina via hole is 80 am 

and the side wall of the through ^ ^ tZT* *" f ° r f0 ™ n ° the via h ° le 

stripe pits and projections can easily be formTowinS 
encounters disso,utJ^ 

rn°o°n 9 o°L The ^ '"^ — 1 7 «""*■ <° — ' «■ ^ySS g resin layer contains acryiic 

[0092, The acrylc monomer mon ome or oSomar^ ?k " *" ° f the ^ Can be reduced - 

resin, a portion of which has been sensm 2ed ) thermosetting resin (including the thermosetting 

[0093] The acrylicmonomercan be decomposed relativelv easiiu Th D ,o tnra .,, 

molecular chain, the acrylic monomer is decomposed owTna m » » • lhe monomer * contained in the 

lowmolecularweight. Moreover. the res^ haTaZowZfJ. , * eam ' Causin 9 the thenmosetting resin to have 

formation into p.asma can easi y be fo^ 

[00941 The acrvlic monomer ZZV . 9 6 ° f reS,n to subs tantially be eliminated. 

manufactured by Toa may be emp.oyed. manufactured by Kyoei or Aronix M-315, M-325 or M-215 

KAYAMAER PM-2 and PM^/is XT-iSSS"" 1 ^ Ch6miCa ' ^ * ^ h ^ 60 a " d 
JSJU^ST 1 ° f manUfaCtUri ^ 3 mUtti,a ^ d P^«ed circuit board according to Cairn 18 comprising at least the • 
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(a) forming a conductive circuit; 

(b) coating the conductive circuit with resin; 

(c) irradiating the resin with a carbon-dioxide gas laser beam to form a through hole which reaches the conductive 
circuit such that the carbon-dioxide gas laser beam is vertically applied to the conductive circuit below the resin 

5 to cause interference of reflected wave from the conductive circuit and incident wave to occur so that stripe pits 

and projections are formed on the side wall of the through hole; and 

(d) coating the through hole with metal to form a via hole. 

[0097] In claim 1 8, an aspect has a structure that the conductive circuit below the resin is vertically irradiated with a 
10 carbon-dioxide-gas laser beam to cause interference between reflected wave from the conductive circuit and incident 
wave to occur. Therefore, the stripe pits and projections can be formed on the side wall of the through hole. Therefore, 
the adhesiveness with metal can be improved so that a reliable via hole can be formed. 

[0098] The present invention in claim 1 9 according to claim 1 8, the resin is thermosetting resin or a composite material 
of the thermosetting resin and thermoplastic resin. 
is [0099] An aspect of claim 19 has a structure that the interlayer insulating resin layer is made of the thermosetting 
resin or a composite of the thermosetting resin and thermoplastic resin. Therefore, the stripe pits and projections can 
easily be formed by the laser beam. 

[0100] The present invention in claim 20 according to claim 18, the step of forming the via hole includes a step of 
forming a resist after an eleclroless copper plated film has been formed in the through hole and supplying electric 

20 power through the electroless plated film to form an electrolytic plated film in a portion in which the resist is not formed. 
[0101] An aspect of claim 20 has a structure that an electroless copper plated film is formed on the surface of the 
through hole, followed by forming a resist. Then, electric power is supplied through the electroless copper plated film 
to form an electrolytic copper plated film in a portion in which no resist is formed. Thus, the via hole is formed. Since 
the stripe pits and projections are formed on the side wall of the through hole by using the interference of the laser 

25 beam and then the electroless plated film is formed, the adhesiveness between the electroless copper plated film and 
the through hole in the interlayer insulating resin layer can be improved. As a result, a reliable via hole can be formed. 
[0102] The present invention in claim 21 according to claim 18, the interlayer insulating resin layer contains acrylic 
monomer. 

[0103] A method of manufacturing a printed circuit board according to claim 22 comprising at least the steps (a) and 
30 (b) : 

(a) forming a solder-resist layer on the surface of a substrate on which a conductive circuit has been formed; and 

(b) irradiating the solder-resist layer with a laser beam to form a through hole which reaches the conductive circuit. 

35 [0104] An aspect claim 22 has a structure that the through hole is formed in the solder resist layer by using the laser 
beam. Therefore, the material is not limited to the photosensitive material. As a material of the solder-resist layer, any 
one a variety of materials may be employed. 

[0105] Moreover, defective conduction owing to residue of the solder-resist resin can be prevented. 
[0106] It is most preferable that the surface of the conductive circuit is constituted by the electrolytic plated film. The 
40 electrolytic plated film has large crystal particles as compared with those of the electroless plated film. Moreover, the 
electrolytic plated film exhibits excellent glossiness to easily reflect a laser beam. Therefore, the electrolytic plated film 
is an optimum film in a case where incident light of the laser beam and reflected light are caused to interfere with each 
other as described later. 

[0107] The present invention in claim 23 according to claim 22, the surface of the conductive circuit has a metal 
45 coarsened layer. 

[01 08] An aspect of claim 23 is characterized in that the surface of the conductive circuit has a metal coarsened layer. 
[0109] Since the metal coarsened layer is formed on the surface of the conductive circuit, the laser beam can be 
reflected by the surface of the metal coarsened layer. Thus, as described later, incident waves of the laser beam and 
reflected waves can be caused to interfere with each other. Thus, the stripe pits and projections formed in the direction 
50 of the opening can be provided for the wall of the through hole of the solder-resist layer. 

[0110] The present invention in claim 24 according to claim 22, (c) a step of forming a bump made metal having a 
low melting point in the through hole is performed after the step (b). 

[01 1 1 ] An aspect claim 24 has a structure that a bump made of a low-melting-point metal is provided for the through 
hole in the solder-resist layer. Thus, an electrode of an IC chip can be connected to the foregoing bump orthe foregoing 
55 bump may be used to mount the printed circuit board to another printed circuit board. 

[0112] The present invention in claim 25 according to claim 22, a laser beam in a single mode is applied in the step 

of forming ihe ihrough hoie so thai a through hole having a diameter of 300 u rn to 650 jam is formed. 

[0113] An aspect of claim 25 has a structure that a single-mode laser beam, the diameter of a spot light of which 
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can be enlarged is applied. Therefore, a through hole for forming a through hole having a diameter of 300 u.m to 650 
u.m, that is, a through hole for forming a bump for establishing the connection with another printed circuit board (for 
example, a mother board) can be formed in the solder-resist layer. 

[01 14] The present invention in claim 26 according to claim 22, a laser beam in a mufti mode is applied in the step 
5 of forming the through hole so that a through hole having a diameter of 50 pm to 300 u.m is formed. 

[0115] An aspect of claim 26 has a structure that a multimode laser beam, the diameter of which can be reduced is 

applied. Therefore, a through hole for forming a through hole having a diameter of 50 \im to 300 ujn, that is, a through 

hole for forming a bump for establishing the connection with an IC chip can be formed in the solder-resist layer. 

[0116] The present invention in claim 27 according to any of claims 22 to 26, the step of forming the through hole is 
10 performed such that the carbon-dioxide gas laser beam is vertically applied to the conductive circuit below the resin 

to cause interference of reflected wave from the conductive circuit and incident wave to occur so that stripe pits and 

projections are formed on the side wall of the through hole. 

[0117] An aspect claim 2/ has a structure that a step for forming the through hole is arranged such that reflected 
wave of the carbon-dioxide gas laser beam and the incident wave are caused to interfere with each other. Thus, the 
*5 stripe pits and projections are formed on the side wall of the through hole. Therefore, when the metal film is provided 
for the through hole, the metal film can be brought into hermetic contact with the through hole. 

[01 18] The present invention in claim 28 according to claim 27, the step of forming the bump is performed such that 
a metal film is provided for the through hole having the side wall provided with the stripe pits and projections, and then 
metal having a low melling point is enclosed. 

[01 19] An aspect of claim 28 has a structure that the metal film is provided for the through hole having the side wall. 
Then, low-melting-point metal is enclosed to form the bump. The metal film is brought into hermetic contact with the 
through hole having the stripe pits and projections so that the bump is strongly connected to the conductive circuit. 
[0120] In claim 29 : a printed circuit board incorporating a substrate provided with a conductive circuit and having a 
surface on which a solder-resist layer is formed, said printed circuit board according to the present invention comprising: 
25 stripe pits and projections formed on the side wall of a through hole formed in the solder-resist layer. 

[0121] An aspect of claim 29 has a structure that the stripe pits and projections are formed on the side wall of the 
through hole formed in the solder-resist layer. Therefore, when the metal film is formed on the surface of the through 
hole, the metal film can strongly be brought into hermetic contact with the through hole. 

[0122] A heat cycle sometimes causes a crack to sometimes occur in the solder-resist layer owing to the difference 
30 between the coefficiency of thermal expansion of the metal film and that of the solder-resist layer. However, the present 
invention causes the metal film and the wall of the through hole of the solder-resist layer to be brought into hermetic 
contact to each other. Therefore, a crack cannot easily be formed. 

[0123] Since the stripe pits and projections are provided for the wall of the through hole in the direction of the opening, 
the contact between the wall and the low-melting-point metal is made to be line contact in place of the plane contact! 

35 Therefore, a phenomenon (migration) that the low-melting-point metal is ionized and diffused under hot and high hu- 
midity conditions can be prevented. The employed low-melting-point metal and the metal film are the same as those 
described above It is most preferable that the surface of the conductive circuit is constituted by an electolytically plated 
film. The electolytically plated film has smaller crystal particles as compared with the electroless platted film and ex- 
hibiting excellent glossiness. Moreover, discoloration, called "color change owing to plating" can be prevented. Thus, 

40 the laser beam can easily be reflected. Thus, the stripe pits and projections can be formed on the surface of the wall 
in the direction of the opening. 

[0124] It is preferable that the stripe pits and projections have the structure that the intervals between projections 
(or pits) are 1 urn to 20 urn. If the interval is too long or too short, the adhesiveness effect with the metal film deteriorates. 
A similar state is realized to that realized by the plane contact and, therefore, the foregoing effect cannot be obtained. 
45 The foregoing interval is substantially the same as 1/2 of the wavelength of the laser beam. 

[0125] The low-melting-point metal maybe solder, such as Sn/Pb, Ag/Sn or Ag/Sn/Cu. The foregoing bump can be 
formed through a metal film made of Ni/Au, Ni/Pd/Au, Cu/Ni/Au or Cu/Ni/Pd/Au. Adjustments are performed such that 
the thickness of the Cu layer and that of the Ni layer is 0.1 jimtolO u.m and that of each of the Pd layer and the Au 
layer is 0.01 u.m to 10 um. 

[0126] The present invention in claim 30 according to claim 29, a bump made of metal having a low melting point is 
formed in the through hole through a metal film. 

[0127] An aspect of claim 30 has a structure that the low-melting-point metal is enclosed to form the bump. When 
the metal film is brought into hermetic contact with the through hole having the stripe pits and projections, the bump 
can strongly be connected to the conductive circuit. 

[0128] The present invention in claim 31 according to claim 29 or 30, the solder-resist layer is made of thermosetting 
resin or a composite material of the thermosetting resin and thermoplastic resin. 

[0129] An aspect of claim 31 has a structure that the solder-resist layer is constituted by thermosetting resin or a 
composite of the thermosetting resin and the thermoplastic resin. Therefore, the stripe pits and projections can easily 
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be formed on the side surface of the through hole by the laser beam. When only the thermoplasticresin is employed 
the resin is undesirably dissolved. Thus, clear pits and projections cannot be formed. 

[0130] The present invention in claim 32 according to any of claims 29 to 31 , a coarsened layer is formed on the 
surface of the conductive circuit. 

[01 31 ] An aspect of claim 32 is characterized in that the surface of the conductive circuit has a metal coarsened layer. 
[0132] Since the metal coarsened layer is formed on the surface of the conductive circuit, the laser beam can be 
reflected by the surface of the metal coarsened layer. Thus, the incident wave and the reflected wave of the laser beam 
can be caused to interfere with each other. Thus, the stripe pits and projections can be formed on the surface of the 
wall of the through hole in the solder-resist layer in the direction of the opening. 

[0133] In the present invention, it is desirable to use an adhesive for electroless plating as the above interlayer resin 
insulating layer. In this adhesive for electroless plating, it is optimal that heat resisting resin particles soluble to a 
hardened acid or oxidizing agent are dispersed into unhardened heat resisting resin difficult to be soluble to an acid 
or an oxidizing agent. 

[0134] The heat resisting resin particles are dissolved and removed by processing these resin particles using an 
acid or an oxidizing agent and a coarsened face constructed by an anchor formed in the shape of an octopus trap can 
be formed on a layer surface. 

[0135] In the above adhesive for electroless plating, the above heat resisting resin particles particularly hardened 
are desirably constructed by using©heat resisting resin powder having an average particle diameter equal to or smaller 
than 1 0 |im,<Dcohesive particles formed by aggregating heat resisting resin powder having an average particle diameter 
20 equal to or smaller than 2 am, ®a mixture of heat resisting powder resin powder having an average particle diameter 
from 2 to 10 am and heat resisting resin powder having an average particle diameter equal to or smaller than 2 am 
©pseudo-particles in which at least one kind of heat resisting resin powder or inorganic powder having an average 
particle diameter equal to or smaller than 2 am is attached to the surface of heat resisting resin powder having an 
average particle diameter from 2 to 10 urn, ®a mixture of heat resisting powder resin powder having an average 
particle diameter from 0.1 to 0.8 am and heat resisting resin powder having an average particle diameter greater than 
0.8 am and smaller than 2 am, and ©heat resisting powder resin powder having an average particle diameter from 
0.1 to 1 .0 am. This is because these materials can form a more complicated anchor. 

[0136] A depth of the coarsened face is preferably set to secure a close attaching property such that Rj=0 01 to 20 
urn. In particular, Rj preferably ranges from 0.1 to 5 am in the semi-additive method since an electroless plating film 
can be removed while the close attaching property is secured. 

[0137] The heat resisting resin difficult to be soluble to an acid or an oxidizing agent mentioned above is desirably 
constructed by "a resin complex constructed by thermosetting resin and thermoplastic resin", or "a resin complex 
constructed by photosensitive resin and thermoplastic resin". The former has a high heat resisting property: The latter 
is desirable since the opening for the via hole can be formed by photolithography. 

[0138] The above thermosetting resin can be constructed by using epoxy resin, phenol resin, polyimide resin etc 
When the thermosetting resin is photosensitized, a thermosetting group acrylic-reacts on methacrylic acid, acrylic acid 
etc. Acrylate of the epoxy resin is particularly optimal. 

[0139] The epoxy resin can be constructed by using epoxy resin of novolak type such as phenol novolak type cresol 
novolak type, etc., dicyclopentadiene-modified alicyclic epoxy resin, etc. 

[0140] The thermoplastic resin can be constructed by using polyether sulfone (PES), polysulfone (PSF) polyphe- 
nylene sulfone (PPS), polyphenylene sulfide (PPES), polyphenyl ether (PPE), polyether imide (PI), etc. 
[0141] A mixing ratio of the thermosetting resin (photosensitive resin) and the thermoplastic resin is preferably set 
such that thermosetting resin (photosensitive resin)/thermoplastic resin=95/5 to 50/50. This is because a high tough- 
ness value can be secured without reducing a heating resisting property. 

[0142] A mixing weight ratio of the above heat resisting resin particles is preferably set to range from 5 to 50 weight 
% and desirably range from 10 to 40 weight % with respect to the solid content of a heat resisting resin matrix 
[0143] The heat resisting resin particles are preferably constructed by amino resin (melamine resin, urea resin, gua- 
namine resin), epoxy resin, etc. Aacrylic-systemmonomer can be used. 
[0144] The adhesive may be constructed by two layers having different compositions. 
50 [01 45] Various kinds of resins can be used as a solder resist layer added to a surface of the multilayer build-up wiring 
board. For example, it is possible to use bisphenol A-type epoxy resin, acrylate of bisphenol A-type epoxy resin novolak 
type epoxy resin, resin formed by hardening acrylate of novolak type epoxy resin by an amine-system hardening agent 
an imidazole hardening agent, etc. 

[01 46] There is a case in which such a solder resist layer is separated since the solder resist layer is constructed by 
55 resin having a stiff skeleton. Therefore, the separation of the solder resist layer can be also prevented by arranqinq a 
reinforcing layer. 

[0147] The above acrylate of the novolak type epoxy resin can be constructed by using epoxy resin in which glycidvl 
eiher of phenoi novoiak and cresol novolak reacts with acrylic acid, methacrylic acid, etc. 
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[0148] The above imidazole hardening agent is desirably formed in a liquid state at 25°C since the imidazole hard- 
ening agent can be uniformly mixed in the liquid state. 

[0149] Such a liquid state imidazole hardening agent can be constructed by using 1 -benzyl -2 -methyl imidazole (prod- 
uct name: 1B2MZ), 1-cyanoethyl-2-ethyl-4-methylimidazole (product name: 2E4MZ-CN) and 4-methyl-2-ethylimida- 
5 zole (product name: 2E4MZ). 

[0150] An adding amount of this imidazole hardening agent is desirably set to range from 1 to 10 weight % with 
respect to a total solid content of the above solder resist composition substance. This is because the imidazole hard- 
ening agent is easily uniformed and mixed if the adding amount lies within this range. 

[0151] A composition substance prior to the hardening of the above solder resist is desirably constructed by using 
10 a solvent of a glycol ether system as a solvent. 

[0152] In the solder resist layer using such a composition substance, no free acid is caused and no copper pad 
surface is oxidized. Further, a harmful property with respect to a human body is low. 

[0153] Such a solvent of the glycol ether system is constructed by using the foiiowing structural formula, particularly 
desirably using at least one kind selected from diethylene glycol dimethyl ether (DMDG) and triethylene glycol dimethyl 
15 ether (DMTG). This is because these solvents can perfectly dissolve benzophenone and Michlers ketone as reaction 
starting agents at a heating temperature from about 30 to 50 °C. 



CH 3 0 - (CH 2 CH 2 0) n -CH 3 (n=1 to 5) 

20 

[0154] This solvent of the glycol ether system preferably has 1 0 to 70 wt% with respect to a total weight amount of 
the solder resist composition substance. 

[0155] As explained above, various kinds of antifoaming and leveling agents, thermosetting resin for improving a 
heat resisting property and an antibasic property and giving a flexible property, a photosensitive monomer for improving 
25 resolution, etc. can be further added to the solder resist composition substance. 

[0156] For example, the leveling agent is preferably constructed by monomer of acrylic ester. A starting agent is 
preferably constructed by Irugacure 1907 manufactured by CHIBAGAIGI. A photosensitizer is preferably constructed 
by DETX-S manufactured by NIHON KAYAKU. 

[0157] Further, a coloring matter and a pigment may be added to the solder resist composition substance since a 
30 wiring pattern can be hidden. This coloring matter is desirably constructed by using phthalocyaline green. 

[0158] Bisphenol type epoxy resin can be used as the above thermosetting resin as an adding component. In this 
bisphenol type epoxy resin, there are bisphenol A-type epoxy resin and bisphenol F-type epoxy resin. The former is 
preferable when an antibasic property is seriously considered. The latter is preferable when low viscosity is required 
(when a coating property is seriously considered). 
35 [01 59] A polyhydric acrylic-system monomer can be used as the above photosensitive monomer as an adding com- 
ponent since the polyhydric acrylic-systemmonomer can improve resolution. For example, DPE-6A manufactured by 
NIHON KAYAKU and R-604 manufactured by KYOEISYA KAGAKU can be used as the polyhydric acrylic-system 
monomer. 

[0160] These solder resist composition substances preferably have 0.5 to 10 Pa • s in viscosity at 25 °C and more 
40 desirably have 1 to 10 Pa < s in viscosity since these solder resist composition substances are easily coated by a roll 
coater in these cases. 

[0161] In claim 34, a method of manufacturing a multilayered printed circuit board such that a through hole is formed 
in a double-side copper-plated laminated board by performing a laser machining and the through hole is made to be 
conductive to form a through hole so that a core substrate is manufactured, and 
45 an interlayer insulating resin layer and a conductive circuit are formed on the core substrate, said method of 

manufacturing a multilayered printed circuit board comprising the step of: 

making the thickness of copper foil of the double-side copper-plated laminated board to be smaller than 12 u,m. 
[01 62] In claim 37, a substrate for forming a through hole such that a through hole is formed in a double-side copper- 
plated laminated board and the through hole is made to be conductive so that a through hole is formed, said substrate 
50 comprising: 

taper provided for the through hole. 
[0163] In claim 40, a multilayered printed circuit board incorporating a substrate in the form of a double-side copper- 
plated laminated board in which a through hole is formed such that the through hole is made to be conductive so that 
a through hole is formed and an interlayer insulating resin layer and a conductive circuit are formed on at least either 
55 side of the substrate, said multilayered printed circuit board comprising: 

taper provided for the through hole. 
[0164] As a result of energetic studies performed by the inventors of the present invention the following fact was 
detected: the reason why an opening cannot be formed in copper foil having a thickness of 12u.m by the carbon-dioxide 
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„ fa /.tic caused from the large thickness of the copper foil 

Tirably conducted. Dr eferably about 1 pm to about 1 0 pm. Thus, conversion 

of an opening using the laser beam can be reaHzet \ be a copper . plat ed laminated 

resin or glass-cloth fluororesin. Q Jhe reason f or this lies in that an opening 

J the like occurs- „, specilically. chemical etching is employed which uses 

10,6,1 2 ESSES? SSS— ISSi solution, cuphc chioride solution or M chiond. 

^^SKST"- as ~ Cl-.pSr'ha^ hoard i, 0, mm ,o ,0 » „ the threes 
r0169l It is preferable that the th.ckness of the copper pi at |jke occurs 

S ^ar t'han"" 50 ^ . dm, wo* enaht.s an advantage to be ho , e , ap „. Tap „ occur, on 

£0173) I. the diameter ot the through hole ^"<™ZC2™« 5 the through hote is enlarged. . 

S5S tSS noSm.^etndoct.e h y .-depleting, eiactret.s. plating, spattering, euap- 
°w~ r^r^eTenelosed. ,, * pr.-erahie thattaparis provided tortha through ho,a to easil, 
^ , ^oaaew h .,e,h.«h.ou 0 hh r ,. = 

[0179 When the inner wall of the through hole » ""J"™*^ P , } js 1 0 ^ t0 30 um. 

r tS — * subjected to a coarsenin9 process in order ,0 

0184 The insulating resin may 

nven/ion, the interlayer insulating resin 'f^*^^^, „, or a development process, 
in the foregoing interlayer insulat.ng resm layer by laser ^bean p comprising: . substrate having a through 

[0185] in claim 45, a built-up insulating resin layers and conductive c.rcu-ts are 

v aTo.es formed in the interlayer insulating -sin having Tg point of 190»C or higher 

the substrate is a glass epoxy res.n -^t e made o ep y ^ .^.^ ^ ^ 

!„, 87, Another tec, was.ou™ |M . "^plion and contraction reeutt in the conduct,, circa, resist the 

other after ine nesi ^ y ^>~ ------ 
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the productivity can be improved. plating step uses an electroless copper 

[0204] The present invention in claim 49 **™ 6 ^ second plating step uses 

plating bath to form a copper plated layer having a Jj*^ S thickness of 8.0 urn or greater, 
an electrolytic copper plating bath to form a ^^^^S^ Datn is employed only when the plated layer 
[0205] An aspect of claim 49 has a struct ^ Then, the low-cost electrolytic plating bath . 

a satisfactory shape can furthermore accurately be formed. djv the conductor 

ao cd»e paPe™ ^Sn^f of «i t™ K p«ad Lye, «** « »™»ed .he. M etching process 
declivity dan peenproved. Moreover, me tn ™~ ° ^ 0 „. accurac , ot the formed pattern. 

bp^":p=c=-^ — ■ - - 02 - ,o 25 * m and 

. ^eCer foT« on me piat.d layer and having a micknesa a. 8.0 pm er areata,. 
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Figs. 17 (A), 17(B), 17 (C) a^^J^ZS^^^T"^*^ ° f ^ (D) Sh0W " in R 9- 14 ' 
ufactunng a multilayered printed dSSSSSSE JESS "Th 8 " 0 ™ 9 3 portion °< ■ P^ess for man- 
Figs. 18 (A). 18 (B), 18 (C) and 18 (D) are verttS ™ 9 V , embod,ment of the Present invention; 
ufactunng the multilayered printed Z ;Z=~ V « Showin ° a P^on of a process for man- 
Figs. 19 (A). ,9 (B), 19 (C)and 19 (Die ™* 9 «»>e present invention; 
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Fta an la? ■ ""'J 9 * 0 s '" >, "" 9 ' ponic " <°> sh »"" « "9 24 (IV 

tale is viewed „e„, a position *JX£XE^£?°"' 3 ° ' B> " ' SkC, ° h " Ben Ite ,h '°"» 

a'STano";: 1 ,^ V iT R T 0 "" n9 P ° rtton * Fi9 26 M F * 31 < B > « » -W*. «»»win g 

^*J£Z^£tt»^ m 2Z^ <""-""»•»» * a sotder rests, „ 

o. a state when a. side Z '£ '"V"™ 3 '' >*• » W » ■ ~™ 

F* ,s a areas section,, vfe „ sho w,„ g M ^ ^ ^ ^ ^ ^ 
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^SLl »ie» shoraing . moirilayerad pnn.ed circrii. board according . six* embodimen. o. 
SL~ XSTS « ,C. 45 <D>. 45 (E, and 45 (E, are diagrams sbowing , . process .or manuiacrurin, a mob 

S^rr^aS'snagL muniiayered printed circuit board according are six* a— a, 
Col") SiTb) a«5> (O are padia, ,„,, scn.metic cross sectionai vrews aho-ag a coppaepiared MM 

™^r^rs rirasir„r^^f-^d K ^,ed^ 

S; SEEL" IS II— , .law eirowing « ,—ay.red primed Coo, Pa.rd according ,a 

5 ST l*"S."irrri . .be second and = compare,-, _** 

Rg. 56 « « i gnpt ' * comparison b.lwe.n th. tbird embodim.nl and e comparer™, example, 

% % I . gSpb S ■ Su« a compadeon bobaeen ma sMh embodiment ano a compare... examp,.; 
Fig. 59 is a diagram showing a chemical formula; and 
Fig. 60 is a diagram showing a chemical formula. 

Best Mode for Carrying Out the Invention 

[First Embodiment] 

[0211] Amethod of manufacturing a multi.ayered printed circutt board according to a first embodiment of the present 
invention will now be described with reference to the drawings. 

mmmmmmm 

JaVT^foSwiigL-rnateria, compositions for preparing a resin fiHer are mixed and kneaded so that a resin filler 
is obtained. 

[Resin Composition (1 )] 

surfaTe c"oated with a silane coupling agent and an average particle size of 1 .6 ^m and , * parrs oy we, y ,u « . „„..,, 
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' ups 31 ^ * 1 u Thus » th © foregoing composition is obtained. 
[Hardener Composition (2)] 

(0213, 6.5 parts by weight of imidazole hardener (2E4MZ-CN manufacture by Shikeka Kasel) 

■mf^pfaffng covert o, 3.3 ,< ^l^^TT^TT^Z^T^ 

o, .he eonrtucfa, oirce.f 34 anrt the ,L 3ea o, the through " fortned en ,he aurtac 

,h„, kT "" boro " uorkle «'■•«* Wort-ea were used a, a temperature or 35-C and PH - 1 2 ,n 

suPs.ra.e 30 hatrtng ,h. .hlSnese o, 0.8 ^^.^^ZSXT^r £if 

r3^rr,h b et^or;rs 

aissr ^n^rert te ,h - ,hKtoess to b ° 3 - * — 

mask is completed (see Fig 3 (K)) HH serving as the conformal 
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(12) Usual electrons plating of the surface of the substrate 30 is performed so that an electroless copper plated 
film 52 was formed on the surface of the substrate 30 (see Fig. 4 (M)). Then, copper sulfate plating is performed 
so that an electrolytic copper plated film 56 having a thickness of 10 nm is formed (see Fig. 4 (N)). 

(13) A dry film resist (NIT-215 manufactured by NichigoMorton) is applied to the copper foil 22, and then a mask 
(not shown) having a pattern formed at a predetermined position thereof is placed. Then, exposure is performed 
with 100mJ/cm2. Then, a development process is performed by using 0.8% sodium carbonate so that an etching 
resist 54 for covering the portion in which the via hole will be formed and a portion in which a circuit will be formed 
and having a structure of Line/Space: 30/30 p.m is formed (see Fig. 4 (O)). 

(14) Then, cupric chloride is used to perform pattern etching. Then, 2 % NaOH s used to separate the etching 
resist 54 so that a via hole 60 and a conductive circuit 58 are formed (see Fig. 4 (P)). 

[0214] As an alternate to the foregoing procedure in the processes (12) to (14) that the resist 54 is formed after 
the electrolytic copper plating 56 has been formed, the electrolytic copper plating 56 may be formed after the resist 54 
has been formed. A manufacturing process according to a first modification will now be described with reference to 

[0215] Initially the substrate 30 having the resin 20 having the opening 20a and shown in Fig. 3 (L) is immersed in 
the electroless copper plating bath having the following solution so that an electroless copper plated film 52 having a 
thickness of 0.5 u.m is formed (see Fig. 5 (M*)). 



Electroless Plating Solution 


EDTA 


150 g/l 


Copper Sulfate 


20g/l 


HCHO 


30 ml/! 


NaOH 


40 g/l 


a, a'-Bipyridyl 


80 mg/l 


J PEG 


0.1 g/l 
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Conditions of Electroless Plating 

[0216] 30 minutes when the temperature of the solution is 70°C 

[0217] A dry-film resist (NIT-215 manufactured by NichigoMoton) is applied to the copper foil 22, and then a mask 
(not shown) is placed. Then, exposure is performed with 100 mJ/cm2 and a development process is performed by 
using 0.8 % sodium carbonate. Thus, an etching resist 54 having an opening 54a formed in a portion in which the via 
hole will be formed and a portion in which the circuit will be formed is provided (see Fig. 5 (NT)). 
[0218] Then, electrolytic copper plating is performed under the following conditions so that an electrolytic copper 
plating film 56 is formed which has a thickness of 20 u.m (see Fig. 5 (O 1 )). 



Electrolytic Plating Solution 



Sulfuric Acid 
Copper Sulfate 

Additive (Capalacid GL manufactured by Attech Japan) 



180 g/l 
80 g/l 
1 ml/I 
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Conditions of Electrolytic Plating 


Density of Current 


1 A/dm 2 


Time 


30 minutes 


Temperature 


room temperature 



[0219] The plating resist 54 is removed by using 5 % KOH, and then mixed solution of sulfuric acid and hydrogen 
peroxide is used to perform etching so that the electroless copper plated film 52 and the copper foil 22 under the plating 
resist 54 are dissolved and removed. Thus, a conductive circuit 58 composed of the copper foil 20, the electroless 
copper plated films 30 and 40 and the electrolytic copper plated film 44 and having a thickness of 1 8 ujti and the via 
hole 60 are formed (see Fig. 5 (P')). 
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(1 5) Finally, a process similar to the process (6) is performed so that a coarsened surface 62 made of Cu-Ni-P is 
formed on the surface of each of the conductive circuit 58 and the via hole 60. Then, the Sn substitutina of the 
surface is performed (see Fig. 6 (Q)). 

(1 6) The foregoing processes (7) to ( 1 5) are repeated so that an upper conductive circuit 88 and a via hole 90 are 
formed. Thus, a multilayered printed circuit board is obtained (see Fig. 6 (R)). Note the Sn substitution of the 
coarsened surface formed on the surfaces of the conductive circuit 88 and the via hole 90 is not performed. 

[0220] In the first embodiment, the metal film (the copper foil) 22, the thickness of which has been reduced (3 mm) 
by etching and the thermal conductivity of which has been lowered is used as the conformal mask Therefore the 
opening 20a can be formed by a small-output laser. Specifically, the conventional manufacturing method is required 
to apply a short pulse laser beam three times to form one opening 20a in the resin 20 by the foregoing carbon-dioxide 
^l a f„™ u^l" 8 ' ° n the ° ther hand ' the f ' rSt embodiment is ab| e to form the opening 20a by applying two short- 

pUiGC iu3Gr uGSITio. 

[0221] The first embodiment is able to form the opening 20a with the small-output laser or such that the number of 
operations for apply.ng the pulse laser beams is reduced. Therefore, occurrence of undercut in the resin 20 forforminq 
interiayer insulating resin layer can be prevented (see Fig. 3 (L) ) . Therefore, the reliability of the connection of the via 
hole can be improved. It is preferable that the thickness of the metal film is reduced to 5 urn to 0 5 urn by etchinq If 
the thickness of the metal film is larger than 5 urn, undercut occurs. If the thickness is not larger than 0.5 urn the 
function of the conformal mask cannot be realized. 
20 [0222] When the interiayer insulating resin layer forming resin having the metal film formed thereon is pressed against 
the substrate on which the conductive circuit will now be formed and then etching is performed, the thick metal film 
exists as a reinforcing member until the pressing operation is performed. Therefore, an excellent handling characteristic 
can be obtained. 

[0223] In this embodiment, the interiayer insulating resin layer forming resin having the metal film formed thereon is 
pressed, and then etching is performed. Note that the interiayer insulating resin layer forming resin having a thin metal 
film having a thickness of 5 pm to 0.5 pm may be pressed. 

[0224] In the first embodiment, the metal film which is used as the conformal mask is etched so as to be thinned 
When the conductive circuit 58 and the via hole 60 are formed, the conformal mask 30 in an unnecessary portion is 
removed by etching. Since the conformal mask 30 has a small thickness, it can easily be reduced Therefore the 
foregoing etching operation does not result in excessive corrosion of the electrolytic copper plated film 56 for forminq 
the conductive circuit 58 and the via hole 60. Therefore, a circuit having a fine pitch and a via hole having a precise 
diameter can be formed. The conventional manufacturing method has been able to form a circuit having a size of 75 
Jim. On the other hand, the first embodiment is able to improve the performance to 50 pm. The conventional technique 
has been able to form the conformal mask having a diameter of 50 pm. On the other hand, the first embodiment is 
able to form an opening having a diameter of 13 urn. Therefore, a via hole having a small diameter can be formed 
[0225] A method of manufacturing a multilayered printed circuit board according to a second modification of the first 
embodiment w.ll now be described. The second modification employs similar process to that of the manufacture 
method according to the first embodiment except for employed base member. Therefore, the description will be made 
with reference to Figs. 1 to 6. 

[0226] The foregoing processes (1 ) to (6) are performed so that a core substrate 30 structured as shown in Fiq 2 
(F) and having a thickness of 0.4 mm is formed . Then, copper foil with resin (ARCC R-0880 manufactured by Matsushita 
Electronics, the thickness of the resin 20 is 60 pm and the thickness of the copper foil is 12 urn) 20A is pressed aqainst 
the two sides of the substrate 30 by operating a vacuumpressing machine (see Fig. 2 (G)), the vacuum pressing 
operation being performed under conditions that the temperature is 130°C for 30 minutes and for 90 minutes 

the pressure is 30 Kg/cm 2 and the degree of vacuum < 50 torr. 

[0227] Then, the overall surface of the surface copper foil 22 is etched to make the thickness to be 3 mm bv usino 
etching solution (SE-07 manufactured by Mitsubishi Gas) (see Fig. 2 (H)) 

[0228] A dry-film resist (NIT-215 manufactured by NichigoMoton) is applied to the copper foil 22 and then a mask 
is placed. Then, exposure is performed with 100 mJ/cm 2 and a development process is performed by using 0 8 % 
sodium carbonate. Thus, an etching resist 44 having an opening 44a formed in a portion in which the via hole will be 
formed is provided (see Fig. 3 (I)). 

[0229] The copper foil 22 in the opening 44a is removed by cupric chloride etching solution (see Fig 3 (J)) and then 
the etching resist 44 is separated by sodium hydroxide solution so that copper foil 22 serving as the conformal mask 
is completed (see Fig. 3 (K)). 

[0230] A carbon-dioxide gas laser irradiating apparatus (605GTX manufactured by Mitsubishi Electric) is operated 
to irradiate each opening 22a of the copper foil with a two-shot and short-pulse laser beam so that a through hole 20a 
having a diameter of 60 pm is formed in the interiayer insulating resin layer (resin) 20 (see Fig 3 (L)) 
[0231] An electroless copper plated film 52 is formed on the surface of the substrate 30 by usual electroless plating 
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(see Fig. 4 (M)). Then, copper sulfate plating is performed so that an electrolytic copper plated film 56 having a thickness 
of 10 p.m is formed (see Fig. 4 (N)). 

[0232] A dry film resist (NIT-215 manufactured by NichigoMorton) is applied to the copper foil 22, and then a mask 
(not shown) having a pattern formed at a predetermined position thereof is placed. Then, exposure is performed. Then, 
5 a development process is performed by using 0.8 % sodium carbonate so that an etching resist 54 for covering the 
portion in which the via hole will be formed and a portion in which a circuit will be formed and having a structure of 
Line/Space: 

50/50 ujti is formed (see Fig. 4 (O)). 

[0233] Then, cupric chloride is used to perform pattern etching. Then ( 2 % NaOH is used to separate the etching 
w resist 54 so that a via hole 60 and a conductive circuit 58 are formed (see Fig. 4 (P)). Then, similar processes are 
repeated so that a printed circuit board having six layers formed on the two sides is manufactured (see Fig. 6 (R)). 
[0234] Amethod of manufacturing a multilayered printed circuit board according to a third modification of the first 
embodiment will now be described. The third modification employs similar processes to those of the manufacturing 
method according to the first embodiment except for the employed base member. Therefore, the description will be 
is made with reference to Figs. 1 to 6. 

[0235] The foregoing processes (1 ) to (6) are performed so that a core substrate 30 shown in Fig. 2 (F) and a thickness 
of 0.6 mm is formed. Then, copper foil with resin including glass cloth (CCL-HL830LS manufactured by Mitsubishi Gas, 
the thickness of the glass cloth/resin 20 is 60 ujti and the thickness of the copper foil 22 is 12 ujti) 20A is pressed to 
each of the two sides of the substrate 30 by a vacuum pressing machine (see Fig. 2 (G)). The vacuum pressing 
20 operation is performed under conditions that the temperature is 150°C for 30 minutes and the temperature is 1 75°C 
for 90 minutes, the pressure is 30 Kg/cm 2 and the degree of vacuum < 50 torr. 

[0236] Then, the overall surface of the surface copper foil 22 is etched to make the thickness to be 3 mm by using 
etching solution (SE-07 manufactured by Mitsubishi Gas) (see Fig. 2 (H)). 

[0237] A dry-film resist (NIT-215 manufactured by NichigoMoton) is applied to the copper foil 22, and then a mask 
25 is placed. Then, exposure is performed with 100 mJ/cm 2 and a development process is performed by using 0.8 % 
sodium carbonate. Thus, an etching resist 44 having an opening 44a formed in a portion in which the via hole will be 
formed is provided (see Fig. 3 (I)). 

[0238] The copper foil 22 in the opening 44a is removed by cupric chloride etching solution (see Fig. 3 (J)), and then 
the etching resist 44 is separatedby sodium hydroxide solution so that copper foil 22 serving as the conformal mask 

30 is completed (see Fig. 3 (K)). 

[0239] A carbon-dioxide gas laser irradiating apparatus (605GTX manufactured by Mitsubishi Electric) is operated 
to irradiate each opening 22a of the copper foil with a two-shot and short-pulse laser beam so that a through hole 20a 
having a diameter of 60 ji m is formed in the interlayer insulating resin layer (resin) 20 (see Fig. 3 (L)). 
[0240] An electroless copper plated film 52 is formed on the surface of the substrate 30 by usual electroless plating 

35 (see Fig. 4 (M)). Then, copper sulfate plating is performed so that an electrolytic copper plated film 56 having a thickness 
of 10 jim is formed (see Fig. 4 (N)). 

[0241] A dry film resist (NIT-215 manufactured by NichigoMorton) is applied to the copper foil 22, and then a mask 
(not shown) having a pattern formed at a predetermined position thereof is placed. Then, exposure is performed. Then, 
a development process is performed by using 0.8 % sodium carbonate so that an etching resist 54 for covering the 
40 portion in which the via hole will be formed and a portion in which a circuit will be formed and having a structure of 
Line/Space: 50/50 ujti is formed (see Fig. 4 (O)). 

[0242] Then, cupric chloride is used to perform pattern etching. Then, 2 % NaOH is used to separate the etching 
resist 54 so that a via hole 60 and a conductive circuit 58 are formed (see Fig. 4 (P)). Then, similar processes are 
repeated so that a printed circuit board having six layers formed on the two sides is manufactured (see Fig. 6 (R)). 

45 [0243] In the foregoing embodiment, the resin to which the copper foil has been allowed to adhere to is employed. 
Note that a metal film, such as copper foil, may afterwards be bonded to the resin. In the first and second modification, 
the resin to which the copper foil has been allowed to adhere to is employed. In the Ihirdmodificalion, the resin including 
glass cloth to which the copper foil has been allowed to adhere to is employed. Resin to which any one of a variety of 
materials (for example, unwoven fabric) has been added may be employed. 

so [0244] As described above, according to the first embodiment, the opening for forming the via hole can be formed 
by using a small-output laser or by reducing the number of the irradiation operations of the pulse laser beams. Therefore, 
occurrence of undercut of the resin for forming the interlayer insulating resin layer can be prevented. Therefore, the 
reliability of the connection of the via hole can be improved. 

55 [Second Embodiment] 

\f\OAK\ A mi tltilav/QroH nrintoH r>\rt^\ lit hnarrl anH zt mannfartiirinn mathr\H tharofAr arrnrHinn trv a ca^nnH Qmhrvrlimant 

1. ' J J I- ' ■ — ' * 

of the present invention will now be described. 
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[0246] As the substrate for use in the second embodiment may be a resin substrate, such as a glass-cloth epoxy 
resin substrate, a glass-cloth bis maleimide-triazine resin, glass-cloth fluorine resin substrate; a copper-plated lami- 
nated board obtained by bonding copper foil to the foregoing resin substrate, a metal substrate or a ceramic substrate. 
[0247] A conductive circuit is provided for the upper surface of the substrate. The conductive circuit can be formed 
5 by electroless plating or electrolytic plating. When the copper-plated laminated board is employed, the conductive 
circuit can be formed by an etching process. 

[0248] Then, an insulating resin layer is formed. In the second embodiment, the insulating resin layer is irradiated 
with a laser beam so that an opening for forming the via hole is formed. Therefore, the foregoing insulating resin layer 
is made of a material with which the opening can be formed by applying the laser beam. 

10 [0249] The foregoing material is thermosetting resin, thermoplastic resin or their composite resin. 

[0250] For example, an adhesive agent for electroless plating may be employed, the basic materia! of which is ther- 
mosetting resin. The thermosetting resin is any one of epoxy resin, phenol resin and polyimide resin. The thermoplastic 
resin may be any one of polyether sulfone (PES), polysulfone (PSF), polyphenylene sulfone (PPS), poiyphenyiene 
sulfide (PPES), polyphenyl ether (PPE), polyetherimide (PI) and fluorine resin. 

15 [0251] In the second embodiment, the coarsened surface of the metal layer or the insulating resin layer exposed 
over the metal foil is formed by the following method. 

[0252] Specifically, particles which can be dissolved with acid or an oxidizing agent is previously contained in the 
insulating resin layer, followed by dissolving the particles with the acid or the oxidizing agent. Thus, the coarsened 
surface can be formed on the insulating resin layer, in the foregoing case, a metal layer must be formed after the 
20 coarsened surface has been formed. 

[0253] The foregoing heat-resisting resin particles may be heat-resisting resin particles made of amino resin (mela- 
mine resin , urea resin or guanamine resin), epoxy resin (an optimum material is a resin obtained by hardening bisphenol 
type epoxy resin with an amine hardener) or bis maleimide-triazine resin. 

[0254] The foregoing adhesive agent for electroless plating may contain hardened heat-resisting resin particles, 

25 inorganic particles or a fiber filler, if necessary. 

[0255] The above heat resisting resin particles particularly hardened are desirably constructed by using©heat re- 
sisting resin powder having an average particle diameter equal to or smaller than 1 0 u,m, ©cohesive particles formed 
by aggregating heat resisting resin powder having an average particle diameter equal to or smaller than 2 |im,®a 
mixture of heat resisting powder resin powder having an average particle diameter from 2 to 10 urn and heat resisting 

30 resin powder having an average particle diameter equal to or smaller than 2 u,m, @pseudo-particles in which at least 
one kind of heat resisting resin powder or inorganic powder having an average particle diameter equal to or smaller 
than 2 \i m is attached to the surface of heat resisting resin powder having an average particle diameter from 2 to 10 
u,m, ®a mixture of heat resisting powder resin powder having an average particle diameter from 0.1 to 0.8 u,m and 
heat resisting resin powder having an average particle diameter greater than 0.8 jim and smaller than 2 |im, and® 

35 heat resisting powder resin powder having an average particle diameter from 0.1 to 1.0 um This is because these 
materials can form a more complicated anchor. 

[0256] The coarsened surface of the insulating resin layer according to the second embodiment may be formed by 

using a metal foil having a coarsened layer, such as so-called RCC (RESIN COATED COPPER: copper foil with resin). 

In the foregoing case, the coarsened layer is formed on either side of the metal foil, and the insulating resin layer is 
40 formed on the coarsened layer. Thus, the metal foil is formed. 

[0257] The coarsened layer on the metal surface can be formed by any one of a variety of coarsening processes. 

The coarsening process is exemplified by an etching process including a matting process, an oxidizing process, an 

oxidizing and reducing process, a blackening and reducing process, a sulfuric acid and hydrogen peroxide process 

and a process using cupric complex and organic acid or a plating process, such as a needle alloy plating using copper, 
45 nickel and phosphorus. 

[0258] The thus-formed metal foil is laminated on a lower conductive circuit provided for the core substrate. At this 

time, the surface of the insulating resin layer and the lower conductive circuit is brought into contact with each other. 

Moreover, the core substrate and the metal foil are heated and compressed so as to be integrated with each other. 

[0259] When the metal foil is removed by etching, the coarsened surface caused from the coarsened layer can be 
50 transferred to the surface of the exposed insulating resin layer. 

[0260] As the etching solution which is employed in a case of the copper foil, sulfuric acid-hydrogen peroxide solution , 

ammonium persulfate solution or ferric chloride may be employed. 

[0261] It is preferable that the coarsened surface which is formed on the surface of the insulating resin layer or the 
coarsened layer which is formed on the surface of the copper foil has a maximum roughness (Rj) of 0.01 jxm to 5 u,m. 
55 if the maximum roughness is smaller than 0.01 pjn, the coarsened surface which is formed on the surface of the 
insulating resin layer or the coarsened surface which is transferred to the surface of the insulating resin layer can easily 
reflect the laser beam. As a result, the insulating resin layer cannot sufficiently be removed. If the maximum roughness 
is larger than 5 pirn, the coarsened layer cannot easily be removed by etching. 
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[0262] In the second embodiment, the thus-formed coarsened surface is irradiated with a laser beam to remove the 
insulating resin layer. Thus, an opening for forming the via hole is formed. When the opening is plated, the via hole 
can be formed. 

[0263] The foregoing laser beam may be a carbon dioxide gas laser beam, an ultraviolet laser beam or an eximer 
laser beam. In particular, the carbon dioxide gas laser beam is a preferred laser beam because it can be generated 
by a low-cost apparatus. 

[0264] In the second embodiment, to improve the adhesiveness between the lower conductive circuit and the insu- 
lating resin layer and that between the lower conductive circuit and the via hole conductor, it is preferable that the 
coarsened surface is formed on the surface of the lower conductive circuit. 

[0265] The foregoing coarsened surface can be formed by any one of a variety of coarsening processes. The coars- 
ening process is exemplified by an etching process including an oxidizing process, an oxidizing and reducing process, 
a blackening and reducing process, a sulfuric acid and hydrogen peroxide process and a process using cupric complex 
and organic acid or a plating process, such as a needle alloy plating using copper, nickel and phosphorus. 
[0266] The lower conductive circuit easily encounters leaving of the resin on the coarsened surface when the opening 
for forming the via hole is formed. The method according to the second embodiment is arranged to provide the coars- 
ened surface for the surface of the insulating resin layer. Therefore, irradiation of the coarsened surface with the laser 
beam enables the insulating resin layer to be removed without leaving of the resin on the coarsened surface of the 
lower conductive circuit. 

[0267] Then, a catalyst, such as Pd catalyst, for electroless plating is added to plale the inside portion of the opening 
for forming the via hole so that the via hole is formed. Moreover, the conductive circuit is provided for the surface of 
the insulating resin layer. The electroless plated film is formed to the inner wall of the opening and the overall surface 
of the insulating resin layer. Then, a plating resist is formed, and then electricplating is performed. The plating resist 
is removed so that the conductive circuit is formed by etching. 

[0268] A method of manufacturing the multilayered printed circuit board according to the second embodiment will 
now be described with reference to Figs. 7 to 11 . 

[0269] Raw material composition substance for adjusting and manufacturing an adhesive for electroless plating 

(1) A resin composition substance is obtained by stirring and mixing 35 weight parts of a resin liquid, 3.15 weight 
parts of a photosensitive monomer (manufactured by TO-A GOSEI, Alonix M315), 0.5 weight part of an antifoaming 
agent (manufactured by SAN-NOPUKO, S-65) and 3.6 weight parts of NMP. In the resin liquid, 25% of a cresol 
novolak type epoxy resin (manufactured by NIHON KAYAKU, molecular weight 2500) and 80 wt% of an acrylic 
substance in concentration. 

(2) A resin composition substance is obtained by mixing 12 weight parts of polyether sulfone (PES), 7.2 weight 
parts of epoxy resin particles (manufactured by SANYO KASEI, polymer pole) having an average particle diameter 
of 1 .0 urn, and 3.09 weight parts of epoxy resin particles having an average particle diameter of 0.5 urn, and then 
adding 30 weight parts of NMP to the mixed material and stirring and mixing these materials by a beads mill. 

(3) A hardening agent composition substance is obtained by stirring and mixing 2 weight parts of an imidazole 
hardening agent (manufactured by SHIKOKU KASEI, 2E4MZ-CN), 2 weight parts of an optical starting agent (man- 
ufactured by CHIBAGAIGI, Irugacure I-907), 0.2 weight part of a photosensitizer (manufactured by NIHON KAY- 
AKU, DETX-S), and 1 .5 weight parts of NMP. 

(4) The raw material composition substances (1) to (3) are adjusted to manufacture the adhesive for electroless 
plating. 

Preparation of Resin Filler 



(1) 100 parts by weight of Bis phenol F epoxy monomer (YL983U manufactured by Yuka Shell and having a mo- 
lecular weight of 31 0), 1 70 parts by weight of Si0 2 spherical particle (CRS1 1 01 -CE and the size of the maximum 
particle is smaller than the thickness (15 ujn) of an inner-layer copper pattern to be described later) each having 
a surface coated with a silane coupling agent and an average particle size of 1 .6 u.m and 1 .5 parts by weight of a 
leveling agent (Pelenol S4 manufactured by Sunnopko) are kneaded by the three-rod roll. Thus, the viscosity of 
the mixture is adjusted to be 45,000 cps to 49,000 cps at 23 ± 1°C. Thus, the foregoing composition is obtained. 

(2) 6.5 parts by weight of imidazole hardener (2E4MZ-CN manufactured by Shikoku Kasei) 

(3) The mixture (1) and (2) are mixed with each other so that the resin filler was adjusted. 
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Manufacturing of Printed Circuit Board 
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(1) As shown in Fig. 7 (A), the second embodiment is structured such that a copper-plated laminated board 230A 
incorporating a substrate 230 having a thickness of 1 mm and made of glass epoxy resin or bis maleimide-triazine 
(BT) resin. The two sides of the substrate 230 are laminated with copper foil 232 having a thickness of 1 8 p.m. The 
substrate 230A was employed as the start material. 

(2) Initially, a drill opening 233 as shown in Fig. 7 (B) is formed in the copper-plated laminated board 230A, and 
then electroless plating and electrolytic plating are performed. Moreover, the copper foil 232 is etched into a pre- 
determined pattern by a known method. Thus, an inner-layer copper pattern (a lower conductive circuit) 234 having 
a thickness of 25 jim and a through hole 236 were formed on the two sides of the substrate 230. 

Then, a coarsened surface 238 was provided for each of the surface of the inner-layer copper pattern 234, 
the surface of the land of the through hole 236 and the inner wall. Thus, a circuit board 230 as shown in Fig. 7 (B) 
was manufactured. The coarsened surface 238 was formed by cleaning the foregoing substrate with water, by 
drying the substrate, by spraying etching solution to the two sides of the substrate and by etching the surface of 
the inner-layer copper pattern 234, the surface of the land of the through hole 236 and the inner wall. The etching 
solution was a mixture of 10 parts by weight of imidazole copper (II) complex, 7 parts by weight of glycollic acid, 
5 parts by weight of potassium chloride and 78 parts by weight of ion exchange waler. 

(3) Then, a resin layer 240 as shown in Fig. 7 (C) was provided for a space between the inner-layer copper patterns 
234 of the circuit board 230 and the inside portion of the through hole 236. The resin layer 240 was formed by 
coating the two sides of the circuit board 230 with a resin filler which has been prepared by using a roll coater and 
enclosed between the inner-layer copper patterns 234 and the inside portion of the through hole 236 and by per- 
forming heat treatment at 1 00°C for 1 hour, 1 20°C for 3 hours, 1 50°C for 1 hour and 1 80°C for 7 hours. Thus, the 
resin filler was hardened. 

(4) Either side of the substrate obtained in the process (3) was belt-sander-polished by using #600 belt polishing 
paper (manufactured by Sankyo). Thus, leaving of the resin filler on the coarsened surface of the inner-layer copper 
pattern 234 and the surface of the land of the through hole 236 was prevented. Then, flaws caused from the belt- 
sander-polishing were removed by performing buff polishing. The foregoing sequential polishing process is per- 
formed for another surface so that a circuit board 230 shown in Fig. 7 (C) was obtained. 

The obtained circuit board 230 has the resin layer 240 formed between the inner-layer copper patterns 234. 
Moreover, the resin layer 240 is provided for the inside portion of the through hole 236. The coarsened surface 
238 of the inner-layer copper pattern 234 and the coarsened surface 238 of the surface of the land of the through 
hole 236 have been removed. Both of the sides of the substrate have been flattened by the resin filler. The resin 
layer 240 is brought into hermetic contact with the coarsened surface 238a of the side surface of the inner-layer 
copper pattern 234 or the coarsened surface 238a of the side surface of the land portion of the through hole 236. 
The resin layer 240 is brought into hermetic contact with the coarsened surface 238 on the inner wall of the through 
hole 236. 

(5) As shown in Fig. 8 (D), the exposed inner-layer copper pattern 234 and the upper surface of the land of the 
through hole 236 are coarsened by the etching process (2). Thus, a coarsened surface 242 having a depth of 3 
u.m was formed. 

The coarsened surface 242 was tin-substituted so that a Sn layer having a thickness of 0.3 u,m was formed. 
The substitutional plating was performed under conditions that 0.1 mol/Lof tin borofluoride and 1 .0mol/L of thiourea 
were used at a temperature of 50°C and pH was 1.2. Thus, the coarsened surface 242 was Cu-Sn-substituted 
(the Sn layer is omitted from illustration). 

(6) The two sides of the obtained circuit board were coated with adhesive agent for electroless plating by using a 
roll coater. The substrate coated with the adhesive agent was allowed to stand in a horizontal state for 20 minutes, 
followed bump drying the substrate at 60°C for 30 minutes. Thus, an adhesive layer 250 structured as shown in 
Fig. 8 (E) and having a thickness of 35 urn was formed. 

(7) The two sides of the obtained circuit board were exposed to light by using an extra high tension mercury lamp 
with 500 mJ/cm 2 , that is, heated at 150°C for 5 hours. 

(B) The obtained substrate was immersed in chromic acid for one minute so that epoxy resin particles existing on 
the surface of the adhesive layer 250 were dissolved and removed. As a result of the foregoing process, a coars- 
ened surface 250a in the form as shown in Fig. 8 (F) was formed on the surface of the adhesive layer 250. Then, 
the obtained substrate was immersed in neutral solution (manufactured by Syplay), followed by cleaning the same 
with water. 

(9) Then, as shown in Fig. 9 (G), an electroless copper plated film 251 having a thickness of 0.6 um was formed 
on the overall surface of the substrate. 
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(1 0) An etching resist was provided for the obtained substrate, and etching was performed by using sulfuric acid- 
hydrogen peroxide solution. Thus, an opening 251a having a diameter of 50 urn was formed in a portion in which 
via hole can be formed, as shown in Fig. 9 (H). 

(11 ) The surface of the opening 251 a is irradiated with a short pulse (1 0-* second) laser beam (ML605GTL man- 
ufactured by M.tsubishi Electric) .Thus, as shown in Fig. 9 (I), an opening 248 was formed in the adhesive Iayer250 

Then, a palladium catalyst (manufactured by Atotech) was attached to the surface of the circuit board subjected 
to the coarsened process. Thus, a catalyst core was joined to each of the surface of the electrons plated film 
251 and the coarsened surface of the opening 248 for forming the via hole. 

(12) The obtained substrate was immersed in the electroless copper plating bath under the same conditions as 
those according to the first embodiment. Thus, an electroless copper plated film 252 as shown in Fig 10 (J) and 
having a thickness of 1 .6 urn was formed on the overall area of the coarsened surface. 

(13) Then, a commercial photosensitive dry film 254 was applied to the electroless copper plated film 252 as 
shown in Fig. 10 (K) . Then, a mask film 255 having a pattern 255A printed thereon was placed The substrate 
was exposed to light with 100 mJ/cm*. and then a development process was performed by using 0.8 % sodium 
carbonate. Thus, a resist 254 having a thickness of 15 pm was formed, as shown in Fig 10. (L) 

(14) The obtained substrate was electrolytic copper plated under the same conditions as those according to the 
first embodiment. Thus, an electrolytic copper plated film 256 having a thickness of 15 urn was formed 

(1 5) The plating resist 254 was removed by using 5 % KOH, and then mixed solution of sulfuric acid and hydrogen 
peroxide was used to perform etching so that the electroless copper plated film 252 under the plating resist 254 
was d.ssolved and removed. Thus, a conductive circuit 258 (including the via hole 260) formed as shown in Fig 
11 (N), composed of the electroless copper plated film 252 and the electrolytic copper plated film 25 and having 
a thickness of 18 u.m was obtained. 

[0272] Then, the substrate was immersed in 80 g/L chromic acid at 70°C for 3 minutes to etch the surface of the 
adhesive layer 250 for electroless plating between the conductive circuits 258 by a depth opening 1 pm so as to remove 
the palladium catalyst on the surface. Thus, a multilayered printed circuit board structured as shown in Fiq 1 1 (N) was 
manufactured. . v ' 

[0273] A first modification of the second embodiment will now be described with reference to Figs 1 2 and 1 3 
[0274] The processes (1) and (2) of the first embodiment were prevented so that a core substrate 230 having the 
lower conductive circuit shown in Fig. 7 (B) and the surface which has been coarsened was manufactured On the 
other hand, copper foil 229 having resin structured as shown in Fig. 12 (A) was manufactured 

[0275] The copper foil 229 having resin was processed such that eitherside of the copper foil 232 having a thickness 
of 12 u.m was etched similarly to the process (2) of the second embodiment so as to be coarsened. Thus a coarsened 
layer 232a .haying a depth of 3 pm was formed. The coarsened surface was coated with epoxy resin 220, and then 
35 heated at 60°C for 3 hours. Thus, a B stage was obtained. 

[0276] As shown in Fig. 12 (B), two copper foil 229 with resin were placed on the two sides of the core substrate 
230, followed by applying pressure of 10 kg/cm* at 150°C so as to be integrated with each other. Thus a substrate 
structured as shown in Fig. 12 (C) was obtained. At this time, the epoxy-resin adhesive layer 220 of the copper foil 
having the resin as shown in Fig. 1 2 (A) was made contact with the lower conductive circuit 234 of the core substrate230 
[0277] Then, the substrate 230 was processed similarly to the process (1 0) of the second embodiment so that a dry 
nim was bonded to the surface of the copper foil 232. Then, exposure and development processes were performed 
by using an ultraviolet ray so that an etching resist was provided. Then, solution composed of sulfuric acid and hydrogen 
peroxide was used to perform etching so as to remove the copper foil 232 in which the via hole would be formed Thus 
an opening 233 as shown in Fig. 1 3 was formed. Thus, a coarsened surface 220a obtained by transferring the shape 
of the coarsened layer 232a of the copper foil 232 was exposed over the surface of the adhesive layer 220 
[0278] The coarsened surface was irradiated with the carbon-dioxide gas laser beam similar to the process (11) of 
the second embodiment so that an opening having a diameter of 50 pm and arranged to use to form the via hole was 
formed. Then, an electroless plated film and an electrolytic plated film were formed on the surface of the laminated 
substrate under conditions similar to those in the processes (1 3) to 1 5). Then the electroless plated film was dissolved 
and removed in accordance with the pattern. Thus, a multilayered printed circuit board composed of the electroless 
copper plated film and the electrolytic copper plated film was manufactured. 

Comparative Example 1 
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[0279] A similar process to th at according to the second embodiment was performed except for the coarsened surface 
which was not provided for the surface of the adhesive layer which was irradiated with the laser beam so that a mul- 
tilayered printed circuit board was manufactured. 
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Comparative Example 2 

[0280] The coarsened layer was not formed on the surface of the copper foil having resin. 

5 Heating Test and Heat Cycle Test 

[0281] The circuit boards obtained in the second embodiment, the modification of the second embodiment and com- 
parative example 1 were subjected to heat cycle tests which were performed at - 55°C to 1 25°C and in which the cycle 
was repeated 500 times. In the tests, change rates of the resistance of the via hole portion were measured. Whether 
10 or not the resin in the periphery of the opening was expanded was confirmed by using an optical microscope. Results 
were shown in table shown in Fig. 56. 

[0282] The manufacturing method according to the second embodiment is able to prevent leaving of resin on the 
surface of the lower conductive circuit in the portion in which the via holes are connected to each other. Therefore, 
separation between the lower conductive circuit and the via hole conductor can be prevented even during the heat 
15 cycle. Thus, defective connection in the via hole portion can be prevented. Thus, a multilayered printed circuit board 
exhibiting reliably of connection can be obtained. 

[Third Embodiment] 

20 [0283] A multilayered printed circuit board and a manufacturing method therefor according to a third embodiment of 
the present invention will now be described. The method of manufacturing the multilayered printed circuit board ac- 
cording to the third embodiment has the steps of (1) forming a conductive circuit; (2) forming an inteiiayer insulating 
resin layer on the conductive circuit; (3) applying a laser beam to form an opening for forming a via hole in the interlayer 
insulating resin layer; and (4) forming another conductive circuit having a via hole on the interlayer insulating resin 

25 layer, wherein a solution containing cupric complex and organic acid is used to coarsen the surface of the conductive 
circuit before the process (2). 

[0284] The multilayered printed circuit board obtained by the foregoing manufacturing method incorporates the con- 
ductive circuit, the surface of which is coarsened by the etching solution containing the cupric complex and the organic 
acid. Moreover, the interlayer insulating resin layer is formed on the conductive circuit. In addition, the opening fre- 
30 quency forming the via hole is formed in the interlayer insulating resin layer. Moreover, a stripe pits and projections 
are formed on the inner wall of the opening. 

[0285] According to the third embodiment, the surface of the conductive circuit is coarsened by using the etching 
solution containing the cupric complex and the organic acid. Thus, a complicated coarsened surface as shown in Figs. 
14 to 16 is formed on the surface of the conductive circuit. The coarsened surface exhibits excellent adhesiveness 

35 with the interlayer insulating resin layer which is formed on the coarsened surface. In addition, the coarsened surface 
is arranged to be irradiated with a laser beam. Even after the laser beam is applied, the shape of the coarsened surface 
is not changed, that is, the coarsened surface is not flattened. Therefore, after the interlayer insulating resin layer has 
been formed on the conductive circuit, the laser beam is applied so that the opening for forming the via hole can be 
formed without flattening of the conductive circuit. 

40 [0286] The coarsened surface formed by using the etching solution containing the cupric complex and the organic 
acid is free from a large quantity of residual resin if the opening is formed by the laser beam. Therefore, expansion of 
the resin left owing to the heating process which breaks the connection with the via hole can be prevented. 
[0287] Since the laser beam can easily be reflected, the incident light and reflected light of the laser beam can be 
allowed to interfere with each other. Thus, an advantage can be obtained in that the stripe pits and projections can 

is easily be formed on the inner wall of the opening for forming the via hole. 

[0288] When the stripe pits and projections are formed on the inner wall of the opening, all of the surface with the 
metal which constitutes the via hole are made contact have the anchoring effect. Therefore, the reliability of the con- 
nection of the via holes can be improved. 

[0289] Therefore, the multilayered printed circuit board according to the third embodiment exhibits excellent adhe- 
50 siveness between the conductive circuit including the via hole portion and the interlayer insulating resin layer. Moreover, 
also excellent adhesiveness can be realized between the conductive circuit and the via hole (the conductive circuit) 
formed on the conductive circuit. 

[0290] Fig. 14 is a plan view schematically showing a coarsened surface of the conductive circuit formed by the 
coarsening process according to the third embodiment. Fig. 15 is a vertical cross sectional view taken along line A-A 
55 shown in Fig. 14. Fig. 1 6 is a vertical cross sectional view showing another portion. In the drawings, reference numeral 
321 represents an opening (hereinafter called an "anchor portion") in which a surface portion which has not been 
etched is left. Reference numeral 322 represents a recess portion. Reference numeral 323 represents a ridge formed 
between the recess portions 322. 
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[0291] When the coarsening method according to the third embodiment is employed, a coarsened surface having a 
shape, for example, as shown in Figs. 14 to 16 is formed. That is, the anchor portion 321 includes a multiplicity of 
portions each having an upper portion, the width of which is larger than the width of the lower portion. 
[0292] The inner wall of the opening for forming the via hole according to the third embodiment has the stripe pits 
and projections, as shown in Fig. 20. 

[0293] It is preferable that the depth of the pits and projections in the direction of the surface of the wall is 0.1 jim to 
5 jim and the intervals between pits and projections are 1 u.m to 20 jim. If the dimensions do not satisfy the foregoing 
requirements, the adhesiveness with the metal which constitutes the via hole deteriorates. 

[0294] As shown in Fig. 21, a coarsened surface having an average roughness Ra of about 0.05 urn to 5 urn is 
formed on the surfaces of the stripe pits and projections. The reason for this lies in that the anchor effect is improved 
and, therefore, the adhesiveness with the via hole can be improved. 

[0295] When the via hole is formed on the conductive circuit having the coarsened surface, the anchor effect con- 
nection can be obtained from the anchor portion 321 of the coarsened surface. As a result, a via hole exhibiting excellent 
adhesiveness with the lower conductive circuit can be formed. When the via hole is formed by plating, plating can be 
allowed to sufficiently adhere to the coarsened surface. Therefore, the plated layer can reliably be formed on the recess 
portion 322 and the anchor portion 321 . As a result, a via hole exhibiting excellent adhesiveness with the lower con- 
ductive circuit can be formed. 

[0296] When the opening is formed by using the laser beam, the quantity of the residual resin can be reduced owing 
to the coarsened structure. Therefore, the reliability of the connection with the via hole can be improved. 
[0297] A method of coarsening the surface of the conductive circuit by using the etching solution containing cupric 
complex and organic acid will now be described. 

[0298] The cupric complex is not limited particularly. It is preferable that cupric complex of azole is employed. The 
cupric complex serves as an oxidizer for oxidizing metal copper or the like. 

[0299] The azole may be diazole, triazole or tetra azole. Among the foregoing materials, it is preferable that any one 
of the following material is employed: imidazole, 2-methyl imidazole, 2-ethyl imidazole, 2-ethyl-4-methyl imidazole, 
2-phenyl imidazole or 2-undecyl imidazole. It is preferable that the quantity of cupric complex of azole which must be 
added is 1 wt% to 1 5 wt%. The reason for this lies in that solubility and stability of the cupric complex can be improved. 
[0300] The organic acid is as well as mixed with the cupric complex to dissolve copper oxide. When cupric complex 
of azole is employed, it is preferable that the organic acid is selected from a group consisting of formic acid, acetic 
acid, propionic acid, butyric acid, valerianic acid, capronic acid, acrylic acid, crotonic acid, oxalic acid, malonic acid, 
succinic acid, glutaric acid, maleic acid, benzonic acid, glycollic acid, lactic acid : malic acid and sulfamic acid. It is 
preferable that the content of the organic acid is 0.1 wt% to 30 wt%. The reason for this lies in that the solubility of the 
oxidizd copper must be maintained and stability of the solubility must be kept. 

[0301] To assist the dissolution of copper and oxidation of azole, halogen ions, for example, fluorine ions chlorine 
ions or bromine ions, may be added to the etching solution. The halogen ions can be supplied as hydrochloric acid, 
sodium chloride resist and the like. It is preferable that the quantity of halogen ions which must be added is 0.01 wt% 
to 20wt%. In this case, a coarsened surface exhibiting excellent adhesiveness with the interlayer insulating resin layer 
can be formed. 

[0302] The foregoing etching solution can be prepared by dissolving cupric complex, the organic acid and, if neces- 
sary halogen ions in water. As a commercial etching solution, for example, "Mech Etch Bond" manufactured by Mech 
may be employed. 

[0303] When the foregoing etching solution is used to coarsen the conductive circuit, the etching solution is sprayed 
to the surface of the conductive circuit (hereinafter called a "spraying method"). As an alternative to this, the conductive 
circuit is immersed in the etching solution under a bubbling condition (hereinafter called a "bubbling method") . As a 
result of the foregoing process, oxygen coexists in the etching solution. Chemical reactions expressed by the following 
formulas (1) and (2) occur so that etching proceeds. 



where A is a complexing agent (serving as a chelate agent) and n is the coordination number. 

[0304] As expressed by the foregoing chemical formulas, the prepared cuprous complex is dissolved owing to the 



Cu + Cu 



(II) An 2 Cu (I) An/2 
I 



2Cu (I) An/2 + n/402 + nAH 
-> 2Cu (II) An + n/2H20 



(2) 
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action of the acid and oxidized with oxygen so as to be cupric complex so as to again contribute to the oxidation of 
copper. 

[0305] It is preferable that the etching using the foregoing etching solution is performed such that the depth of the 
etched portion is about 1 urn to 10 urn. If the etching is performed excessively, defective connection occurs between 
5 the formed coarsened surface and the via hole conductor. 

[0306] The coarsening process of the surface of the conductive circuit is performed by the foregoing method and 
then an interlayer insulating resin layer is formed on the conductive circuit. 

[0307] It is preferable that the interlayer insulating resin layer which is formed in the third embodiment is composed 
of thermosetting resin, thermoplastic resin or their composite resin. 
10 [0308] It is preferable that the foregoing thermosetting resin is selected from a group consisting of thermosetting or 
thermoplastic poiyolefine resin, epoxy resin, polyimide resin, phenol resin and bis maleimide-triazine resin 
[0309] It is preferable that the thermoplastic resin may be any one of the following engineering plastic materials: 

polymethylpentenne (PMP), polystyrene (PS), 
polyethersulfone (PES), polyphenylene ether (PPF) and 
polyphenylene sulfide (PPS). 

[0310] In the third embodiment, it is preferable that the interlayer insulating resin layer is made of the thermosetting 
or thermoplastic poiyolefine resin. 

[0311] The thermosetting or thermoplastic poiyolefine resin maybe : for example, polyethylene, polypropylene iso- 
butylene, polybutadiene, polyisoprene or their copolymer. 
[031 2] As a commercial product of the poiyolefine resin, it is exemplified by 1 592 which is a trade name of Sumitomo 
3M. Commercial thermoplastic poiyolefine resin having a melting point of 200°C is exemplified by TPX (melting point- 
240°C) which is a trade name of Mitsui Petrochemical and SPS (melting point: 270°C) which is a trade name of Idemitus 
25 Petrochemical. 

[0313] The interlayer insulating resin layer is formed by applying non-hardened solution or by thermally pressinq 
film-shape resin and by laminating the layers. 

[0314] Then, the interlayer insulating resin layer is irradiated with a laser beam so that an opening for forming the 
via hole is formed. As the laser beam for use in the foregoing operation, for example, a carbon-dioxide gas (CQ2) laser 
beam, an ultraviolet laser beam and eximer laser beam are exemplified. Among the foregoing laser beams it is pref- 
erable that short-pulse carbon-dioxide gas laser beam is employed. The short-pulse carbon-dioxide gas laser beam 
is free from a large quantity of residual resin in the opening. Moreover, resin in the periphery of the openinq is not 
considerably damaged. y 

[0315] It is preferable that the intervals of the carbon-dioxide gas laser beam pulses are 1 0^ seconds to 1 0-8 seconds 
It is preferable that time for which the laser beam is applied to form the opening is 10 u.s to 500 jis. 
[031 6] It is preferable that the diameter of the beam is 1 mm to 20 mm and the laser beam is applied one to ten shots 
in a multi-mode (a so-called "top-hat mode"). The multi-mode is able to uniform energy density of the surface which is 
irradiated w.th the laser beam. Although a large aperture cannot be obtained, an opening for forming a via hole similar 
to a complete round and free from considerable residues of resin. 

[0317] To make the shape of the laser spot to be a complete round, the laser beam is allowed to pass through an 
opening called a mask and formed into a complete round. It is preferable that the diameter of the opening is about 0 1 
mm to about 2 mm. y 

[0318] When the opening is formed by the carbon-dioxide gas laser beam, it is preferable that a desmear process 
is performed. 

[031 9] The desmear process can be performed by using an oxidizer in the form of solution of chromic acid or per- 
manganate. The process may be performed by using oxygen plasma or mixture plasma of CF4 and oxygen or by 
performing corona discharge. A low-pressure mercury lamp may be employed to apply ultraviolet rays to modify the 
surface. 3 

[0320] Then, the electroless plating and electric plating to be described later are performed so that an upper con- 
ductive circuit having the via hole is formed on the conductive circuit. 

[0321] An example of a method of manufacturing a multilayered printed circuit board according to the third embod- 
iment will now be described. 

(1) Initially, a circuit board having a lower conductive circuit formed on the surface of a resin substrate is manu- 
factured. It is preferable that the resin substrate is a resin substrate containing resin fibers. The resin substrate is 
exemplified by a glass-cloth epoxy resin substrate, a glass-cloth polyimide substrate, a glass-cloth bis maleimide- 
tnazine resm substrate and a glass-cloth fluororesin substrate. 

As an alternative to this, a copper-plated laminated board obtained by bonding copper foil on each of the two 
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coarlening process Z.. the trough hole is fi.led with resin paste or the .ike. followed by form.ng a conduct-ve 

resist fcopper solid pattern formed on the overal. surface of the substrate. Then, etch.ng • performed so that 

S Th W e e n r Z^er^^l is su bj ected to a coarsening process. That is etching soluhon gaining 
cuphccomp^> and organic acid is used to form a coarsened surface on the lower conducts crcu.t by the spraymg 

0.1 nm to about 2.0 ^m. 

Dlata 0 Tc fl The teaaoh why tt» loregoihg thicknaa, is employed * that the taaeheh a. a cehdeeWe 
irpXwhteh ts pedermed ta.a, mutf be etaiht.ia.d aad * ™*' »« " em »"« d 

—^ie^^^ 

(B) Mer he^ecmcaTy plated film has been formed, the plating resist is separated. Then, the ele ctroles p ated 
Sm S g below Jp^ating resist and the foregoing intermediate layer are removec by ■ etch.ng so that .nde- 

^ organ^ add may be employed to form a coarsened surface simultaneously with etch.ng between the conduc- 



45 tive circuits. 



9?The Similarly to the process (2). the etching solution containing the cupric complex and the organ.c acid * 
Si t^Se^irJened surface on the upper conductive circuit by the spraying method or the bubbhng method. 
^iZS^wS (9) are repeated so that the upper conductive circuit is formed. Thus, for example a 
muCyerXmed Suit board formed into a 6-.ayered structure such that each side has three layers , obta.ned. 

[0322] Referring to the drawings, a method of manufacturing the mu.ti.ayered printed circuit board according to the 
third embodiment will now be described. 

(1) A copper-plated laminated board is used as a start material (see Fig. 17 (A)) incorporating 
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cta.lt 334, the surface of mSIl to m nTo? £Lt5* ^ '° M ° h SU,,aM °* ,he l0 " 8 ' ™"*«»» 
mixture of 1 0 parts by weiaht of imid^ni* mnn ft r m\ t 9 ( ' } ' he etchin 9 solution was a 

ta lower condoled,™ i^^^2J^^'^^^r:^ Pnn " Mm ^ s '^°> 
oelt-sander-polishind were removed bv oert^,™ ^ e , L "°" 336 ™ eni causM "° m "» 

"arfened.ndthesurf^nn.^ 

-orreed o„ the overelr^'rCS .^S^JSj 'iZT - ~ ~ 

343 wee tin-substituted so tat a So lever he,™ a thl<iZ,.Sn ? 9 , (A), J Then ' ,ne coarsened surface 
Sn lay., is omitted Iron. Illustration ' ° 3 "° "" m,d °" ™'*' ce N °'o »* the 

pressing th. street with pressure of M |SS .a ^ "" '° r * g °'" 9 process "» hM «"9 «"«' 

ssjstt- r ^^-^^s^rrz^Ti? ^ 10 ,eo ' c Thu " 

sC^n^IorS^ntatra.^ "T," 1 " " ™° » - 

under conditional, me ZS.To, „e ii™ s rem 7 ""J 35 ° ™°* °' "» ■"**'"« ™* 
wes 50 ue. the diameter ot the open ta o The ™7Z 0 , « Tre "IT" T f*" "** "*»" 

(C» Then. oxy^n plaeme was u°s.d I JZZ£Z%Z2 "~ ^ 18 

r-ro=^ 

conditions. ^ ' V s P uttenn 9. formed on the Ni metal layer 351 under similar 

363havlngathtakneBS^ ' 1 , ' e,ectro,ess P late ^ «m 

-ayer 352 and the e.ectro.ess'p.ated film 253™^ 

as one layer to which reference numeral 352 is given ( 6 ' ayerS are shown 

thickness of 15 urn was formed (see Rg 19 (B» ^ ^ ^ ° f reSiSt 354 havin 9 a 

I'otSptSS^^^ same conditions as those of the first embodiment so that an 

thickening'oW^^ 

^ 9 nr4r nwhichw — 

was formed on the electronic copper plaled fHmtee Fifl^C))'. " ^ ^ 3 °' 1 2 ^ 
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\ The Dlatinq resist 3 was separated and removed by 
5 % NaOH and then Ni metal layer 351 , the intermediate metal layer 352 and the electrons plated ,1m 353 
existing below the resist 3 were dissolved and removed by an etching process which used a mixture solu on of 
n"r a cid sulfuric acid and hydrogen peroxide. Thus, a conductive circuit 358 (ind 

bv the electrolytic copper plated film 356 and so forth and having a th.ckness of 1 6 urn was formed (see Fig. 19 (D)). 
M5] Thef the processes (5) to (14) are repeated (not shown) so that a multilayered structure that each s de has 
2e layers was formed. Then, formation of a solder-resist layer having an opening, that of a "<^Hp£tfftta 
andthat of a gold-plated film was performed. Then, a solder bump was formed so that a mult.layered pnnted crcu.t 
board having a solder bump was obtained. Heating Test and Heat Cycle Test 

f03231 The obtained multilayered printed circuit board was subjected to a heating test set to 1 28«C for 48 hours and 
L hea cyde test a - 55'C to 125-C to perform cycles 1 ,000 times. After the tests were performed separation between 
the "Snnslting resin layer and the lower conductive circuit and change in me resistance of the via hole port.on 
were evaluated. Results are shown in a table shown in Fig. 57. 

15 T03241 A first modification of the third embodiment will now be described. 

0325 A process similar to that according to the third embodiment was performed except for a bubbling method 
empoye Hn t e proems ( 2 ) and (5) and a'coarsened surface formed on the surface 

334 under the foHowing conditions so that a multilayered printed circuit board was manufactured. The obtained mult 
Lyered printed circuit board was subjected to the heating test and the heat cycle test. Results are shown ,n the table 

20 S " Wh'enL coarsened layer was formed, the conductive circuit was immersed in the etching , solution employed 
in the processes (2) and (5). Then, the coarsening process was performed while a,r was be.ng bubbled. 

(Comparative Example 3) 

25 T03271 A process similar to that according to the third embodiment was performed except for employment of a Cu- 
£ P p atii nThod^d a coarsened layer made of a Cu-Ni-P alloy and formed on the surface of *£»£££S 
Hrruit 334 in the processes (2) and (5) so that a multilayered printed circuit board was manufactured. The obta.ned 
SSl^XS^S; wai subjected to the heating test and the heat cycle test. Result, are shown ,n the 

30 m^ZVe^e coarsened layer was formed, the substrate was decreased with an alkali material, followed by 
P^rfolnTsolt Aching. Then, a process using catalyst solution composed of palladium chloride and organic ac.d was 
Derformed so that a Pd catalyst was imparted to activate the catalyst. 

nSn Then the substrate was e.ectroless-p.ated by using e.ectro.ess plating bath the pH ^ wh ^^^. b .^ 
35 being water solution of, for example, copper sulfate (3.2 x 10-2 mol/l) , nicke . sulfate (2.4 x 1 0* m ol/l), c.tnc ^ac d (5.2 
x 0 2 mo!/1) sodium hypophospSite (2.7 x 10-1 m0 UI), boric acid (5.0 x 10"1 moVQ and a ^^.^^^ 
465 manufactured by Nissin Chemical Industry) (1 .0 g/l). Thus, a coarsened layer made of Cu-N-P alloy was formed 
on the overall surface of the conductive circuit. 

40 (Comparative Example 4) 

[0330] A process simllarto that acco^ 

enina and reducing process and a coarsened surface termed on the surface of the conducive c.rcurt in the processes 
( and (5 so multilayered printed circuit board was manufactured. The obtained multilayered pnnted c,rcu,t 

45 boa" wis sub e^ed to the neating'test and the heat cycle test. Results are shown in the table , shown in 57. 

r0331l When the coarsening process was performed by blackening and reducing process was perfonmed such that 
I on containing NaOH (1 o"). NaC.0 2 (40 g.) and N a 3 PC 4 (6 gA> was employed - - * ^Ted 

bath) and solution containing NaOH (10g/l) and NaBH 4 (6g/l) was employed as a reduc.ng bath. Thus, a coarsened 
surface having a depth of 3 u,m was formed. 

(Comparative Example 5) 

T03321 A process similar to that according to the third embodiment was performed except for employment of a sort 
Eg method us n g mixed so , ut ion of hydrogen peroxide and sulfuric acid as etching solution to form a coarsened 
Surf ace on the surface of the conductive circuit in the processes (2) and (5) so that a multilayered pnnted circuit boa d 
was manuflctered The obtained multilayered printed circuit board was subjected to the heating test and the heat cycle 
test. Results are shown in the table snown in Hg. 5/. 
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(Comparative Example 6) 



lilayer.d phnted circuit bo/Ji m™, J,"*? T t M f C " OU " '" »""» s »* ® (5) so the, , mu|. 

~h a T ahea ™^ 

^rrjzisaK^irraat ,ha ' an t: p * hing ™ Mai <"•*« a - -»»• 

was formed. Pressure of 1 kgW. Thus, a coarsened surface having a depth of 2 gm to 6 pm 

and the ,1 ho fe even £££££ 'Z e«The hCc^ZThda no SIT" 1* C ° ndUM " a 

observed after the «T encountered an cohesively great rate ot hhang, of the resistance o, separafion 

SirfenhSh^ 

^ 5 [Fourth Embodiment] 

^ss^trisssir a ma - , "" , " rt " 9 "- ibm «— « «• - -* « 

» Sd ^ reHT ,o ^STT"" b ° a "' '° ~~"""» » "» "><"»< -*««~« - >>» de- 
h,u,i,a y .,edph„,e<fc,"fho,« fc^nejoSte IX^^T* ' C ^ 9 ° °" 

KJh hTSS: Z£Z72S2XZ^£Z? ina TT r a core aubs,raM 30 - " hto a 

interlayer insulating resin layer 50 9 3 conductlve Clrcuit 1 *8 is formed on the 

lower surface. The solder bump 76(Jis iZLi! to ! * k k 9 ? I ^ 94 ' S f0rTTled in an openin 9 710 in the 
intehayer insulating resin layeT' 50 and 7^w ^ n T * ™ ^ ^ " an UPP6r 

solder bump 76D isconnected to the ^^^^^^^^T^. T'^ 9 ^ ^ 16 °" ^ 
resin layer 150 and the via ho,e 60 formed the J^Z^^ * < heUp <~ ^insulating 

described later owing to interference TLT^lTT T °" *" "* Wa " ° f the thTOU 9 h hole 48 as 

—. P ,ated fi, 9 52 can ^ 

^t^ " — * and a gold-plated 

solder-resis, 70. The openings 71 U and 71D of ^ ^ t v 0 * ° Pemn9S 71 U a " d 71 ° forTTled in the 

embodiment is arrang^ s^Zt^l^Tio^ ^^ ^ * ^ *■ the f ° Urth 

materia, is not limtted to the photosensrtive rel T^Z ^fres.st 70 by the laser beam. Therefore, the 
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the through holes (openings) 71 U and 71 D by using the interference of the laser beams when the openings are formed 
by the laser beams, the nickel-plated layer 72 can be made to hermetically contact with the side walls. As a result, the 
reliability of the connection of each of the solder bumps 76U and 76D can be improved. 

[0345] A method of manufacturing the multilayered printed circuit board according to the fourth embodiment will now 
be described with reference to the drawings. 

[0346] The schematic structure of a carbon dioxide gas laser unit for forming a through hole in the interlayer .nsulat.ng 
resin layer and the solder resist will now be described with reference to Fig. 34. 

r03471 Fiq 34 schematically shows the structure of the laser unit for forming the through hole in the multilayered 
printed circuit board according to the fourth embodiment. The laser unit is ML505GT manufactured by Mitsubishi Elec- 
tric As a C02-laser emitting unit 180, ML5003D manufactured by Mitsubishi Electric when the through hole (60 u.m) 
48 is formed in the interlayer insulating resin layer and a through hole (1 33 urn) 71 U for connecting the IC chip ,s f ormed 
in the upper portion of the solder resist. When the through hole (650 u.m) 71 D for connecting the mother board is formed 
in the lower portion of the solder resist. ML5003D2 manufactured by Mitsubishi Electric is employed. 
f03481 Light emitted from the laser emitting unit 1 80 is made incident on a galvano head 1 70 through a transfernng 
mask 1 82 for making a focal point on the substrate to be clear. The galvano head 170 is composed of a pair of galvano 
mirrors consisting of a galvano mirror 1 74X for scanning the laser beam into the direction X and a galvano mirror 1 74Y 
for scanning the laser beam into the direction Y. The mirrors 1 74X and 1 74Y are operated by control motors 172X and 
172Y In accordance with a control command issued from a control unit (not shown), the motors 172X and 172Y adjust 
the angles of Ihe mirrors 174X and 174Y. Moreover, the motors 172X and 172Y transmits, to the computer, a delecl.on 
?o siqnal obtained from encoders included therein. 

[0349] The laser beam is allowed to pass through the mirrors 1 74X and 1 74Y so as to be scanned into the d.rect.on 
X-Y and then allowed to pass through a f-0 lens 1 76. Then, the laser beam is impinged on an interlayer insulating resin 
layer of the core substrate 30 to be described later. Thus, an opening (a through hole) 48 for forming the via hole is 
formed Similarly, the openings (through holes) 71 U and 71 D for the solder bump are formed in the solder-resist 70. 
25 The core substrate 30 is placed on an X-Y table 1 90 which is capable of moving in the direction X-Y. 

r0350] Here the explanation is made with respect to compositions of A. an adhesive for electroless plating, B. an 
interlayer resin insulating agent C. a resin filling agent, and D. Solder Resist Composition used in the manufactunng 
method of the multilayer printed wiring board in accordance with the fourth embodiment. 

30 A. Raw material composition substance for adjusting and manufacturing an adhesive for electroless plating (an 
adhesive for an upper layer) 

[Resin composition substance Q 

35 r0351] A resin composition substance is obtained by stirring and mixing 35 weight parts of a resin liquid, 3.15 weight 
parts of a photosensitive monomer (manufactured by TO-A GOSEI, Alonix M315), 0.5 weight part of an antifoam.ng 
aqent (manufactured by SAN-NOPUKO, S-65) and 3.6 weight parts of NMP. In the resin liquid, 25% of a cresol novolak 
type epoxy resin (manufactured by NIHON KAYAKU, molecular weight 2500) and 80 wt% of an acrylic substance in 
concentration are dissolved to DMDG. A polyhydric acrylic-system monomer (manufactured by NIHON KAYAKU, R604) 

40 can be used as a photosensitive monomer. 

[Resin composition substance © 

[0352] A resin composition substance is obtained by mixing 12 weight parts of polyether sulfone (PES), 7.2 weight 
parts of epoxy resin particles (manufactured by SANYO KASEI, polymer pole) having an average particle diameter of 
1 0 u.m, and 3.09 weight parts of epoxy resin particles having an average particle diameter of 0.5 urn, and then adding 
30 weight parts of NMP to the mixed material and stirring and mixing these materials by a beads mill. 

[Hardening agent composition substance (S3 

[0353] A hardening agent composition substance is obtained by stirring and mixing 2 weight parts of an imidazole 
hardening agent (manufactured by SHIKOKU KASEI, 2E4M2-CN), 2 weight parts of an optical starting agent (manu- 
factured by CHIBAGAIGI, Irugacure I-907), 0.2 weight part of a photosensitizer (manufactured by NIHON KAYAKU, 
DETX-S), and 1 .5 weight parts of NMP. 
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ISS^SSST substance for adjustin9 and manufacturing an interi ^ r ™«» ^ (- 

[Resin composition substance Q 

5 

oSf a VhmnT n T Siti0n SUb ^ nCe iS ° btained by Stirring and mixin 9 35 wei 9 ht P arts of a liquid. 4 weight 
parts of a photosensitive monomer (manufactured by TO-A GOSEI, Alonix M31S), 0.5 weight part of an antifoamino 
agent Manufactured by SAN-NOPUKO, S-65) and 3.6 weight parts of NMP. In the iesin creso n^ ak 

» JlnUIS^^ KAYAKU, mo.ecu.ar weight 25 00) and SO A of an acry.ic substaS in 

[Resin composition substance @ 
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S ™ rt ?T C ° mp0SitiOn substanc e is obtained by mixing 12 weight parts of polyether sulfone (PES) and 14 49 
weight parts of epoxy res.n parties (manufactured by SANYO KASEI, polymer pole) having an average particledi 

bya" e ea°ds^ 

[Hardening agent composition substance (3j 

[0356] A hardening agent composition substance is obtained by stirring and mixing 2 weight parts of an imidazole 
^^S^SS^T" ^ SH ' KOKU KASE '' 2E4MZ " CN >. 2 weight parts of an optica, sorting age 7 mant 

C. Raw material composition substance for adjusting and manufacturing a resin filling agent. 
[0357] Use same as the composition substance according to the second embodiment. 

D. Raw material composition substance for adjusting and manufacturing solder resist composition 

oht«, 8 nLK° lder "> mposition is obtained b y ™*i"9 46. 67g of photosensitive oligomer (molecular weight 4000) 
o 5o7^Z Z ? d,fy,n9 „ 50% ° f e ^ ^ of 6 ° Percentage by weight of cresol novo.ac dissolved tnto DM DG 
of 50 /» epoxy resin (Nippon Kayaku); 15.0g of 80 percentage by weight of bisphenol A type epoxy resin fYuka Shiti 
Ep.kote 1001) dissolved into methyl ethy. ketone; 1.6g of imidazole hardener (Shikoku cZ^SSaS^^i 
mutt valent acrylic monomer (Nippon Kayaku, R604) which is photoreceptive monomer; 1 .5g of the same mult^en 
S Lr n T e ri KYOE L SHA CHEM,CAL > DPE6A ); 0-719 of a scattering anti-foaming agent (SANNOPCO sS) 
SSSSf/S 0f ri benZOphe t n ° ne (KANT ° CHEMIC AL) used as a photo-initiator; and 0.2g o^chler* Sone^NTO 
^ 35 3 P hotosensitl2er to the mixture and adjusting the viscosity to 2.0Pa-s at 25 °C 

used Z Jo^HnH* , TTf ^ B_tyPe measurement rrOKYO measurement DVL-B type). A rotator No 4 was 
used in 60rpm, and a rotator No.3 was used in 6rpm 

HL K iPti ° n t ° f 3 ^° CeSS f ° r manufacturin 9 the multilayered printed circuit board according to the fourth em- 

bor r ;r xt^:^z^° Fi9s - 22 to 27 ,n the — - — - «— 

(1 ) As shown in Fig. 22 (A), a copper-plated laminated board 30A was employed as the start material the coooer 
res n o Br?? 6 ' b0ard H 30A inCOrpOrati "9 a sub ^ate 30 having a thickness of 0.8 mm an! g as epoxy 

£ Tnl«3 ( male,rn ' de - tr ' a2 ' ne ) ^sin. Copper foil 32 having a thickness of 1 2 H m is laminated on the substrate 
fs olrto^ H T 0 h Pen 7H S ^ " C °PP er -P' ated lami -ted board 30A by dri.ling. and then electrons pSg 
drcu^Tarelr^ 

circuit 34 are formed. Thus, a core substrate 30 shown in Fig 22 (B) is formed 

( !UtZnTl a ru° T'" 9 a . P,ane ' ayer 34 and 3 thr ° Ugh h ° le 36 have been f °™ ed wa * leaned with water 
N«oh m ' k?™ f ° X,d,Z,n9 redUCin9 Pr ° CeSS W3S Perfonnod by using an oxidizing bath composed of 
» "2? if' 2 ( , and Na3P ° 4 (6 9/0 and 3 redUCin9 ba,h C ° m P° Sed of NaOH < 10 9/I and NaBH 

M^S^T^ ° n ^ SUrfaCS " ^ " ^ 34 and 4 

t ( h 3 eTe^n a fLTw:s cbTared Siti0n ^ ' Sh ° Wn h R ° 22 (C > WaS mi ~ d a " d kneada « - that 
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(4) The resin filler 40 obtained in the process (3) was applied to the two sides of the substrate 30 by using a roll 
coater within 24 hours after preparation of the resin filler 40. Thus, the resin filler 40 was enclosed between the 
conductive circuits 34 and in the through hole 36. Then, the resin filler 40 was dried at 70°C for 20 minutes. Another 
side is similarly processed. Thus, the resin filler 40 was enclosed between the conductive circuits 34 or in the 

5 through hole 36, and then heated and dried at 70°C for 20 minutes (see Fig. 22 (D)). 

(5) Either side of the substrate 30 subjected to the process (4) was belt-sander-polished by using #600 belt polishing 
paper (manufactured by Sankyo). Thus, polishing was performed such that the resin filler 40 was not left on the 
surface of the conductive circuit 34 and the surfaces of lands 36a of the through hole 36. Then, flaws caused from 
the belt-sander-polishing were removed by performing buff polishing. The foregoing sequential polishing process 

10 was performed for another surface (see Fig. 23 (E)). 

Then, heat treatment was performed at 100°C fori hour, 120°Cfor 3 hours, 150°C for 1 hour and 180°Cfor 
7 hours. Thus, the resin filler 40 was hardened. 

The surface layer portion of the resin filler 40 enclosed into the through hole 36 and so forth and the coarsened 
layer 38 on the upper surface of the conductive circuit 34 are removed so that the two sides of the core substrate 

15 30 were flattened. Then, the resin filler 40 and the side surface of the conductive circuit 34 were strongly brought 

into contact with each other through the coarsened layer 38. The surface of the inner wall of the through hole 36 
and the resin filler 40 are brought into strong contact with each other through the coarsened layer 38. Thus, the 
circuit board was obtained. As a result of the foregoing process, the surface of the resin filler 40 and that of the 
conductive circuit 34 are made to be flush with each other. 

20 (6) The substrate 30 having the conductive circuit 34 was degreased by using alkali material, and soft etching was 

performed. Then, a process using a catalyst composed of palladium chloride and organic acid was performed so 
that a Pd catalyst was imparted. Then, the catalyst was activated, and then the substrate was immersed in elec- 
troless plating solution having PH = 9 and composed of 3.2 x 10" 2 mol/l copper sulfate, 3.9 x 10 3 mol/l nickel 
sulfate, 5.4 x 10' 2 mol/l complexing agent, 3.3 >< 10* 1 mot/I sodium hypophosphite, 5.0 x 10' 1 mol/l boric acid and 

25 a surface active agent (Surfil 465 manufactured by Nissin Chemical Industry). After a lapse of one minute from 

the immersion, the substrate was vertically and laterally vibrated one time at intervals of four seconds. Thus, a 
coating layer made of a needle alloy composed of Cu-Ni-P and a coarsened layer 42 were formed on the surface 
of the conductive circuit 34 and the land 36a of the through hole 36 (see Fig. 23 (F)). 

Then, 0.1 mol/l tin borofluoride and 1 .0 mol/l thiourea were used at a temperature of 35°C and PH = 1 .2 so 

30 that Cu-Sn substitution reactions were performed. Thus, a Sn layer (not shown) having a thickness of 0.3 \xxr\ was 

formed on the surface of the coarsened layer. 

(7) The raw material composition for preparing interlayer resin insulating material B was stirred and mixed to adjust 
the viscosity to be 1 .5 Pa.s so that the interlayer resin insulating material (for the lower layer) was obtained. 

Then, the raw material composition for preparing interlayer resin insulating material A was stirred and mixed 
35 to adjust the viscosity to be 7 Pa.s so that the interlayer resin insulating material (for the upper layer) was obtained. 

(8) The interlayer resin insulating material (for the lower layer) 44 obtained in the process (7) and having the 
viscosity of 1 .5 Pa.s was applied to the two sides of the substrate obtained in the process (6) by using a roll coater 
within 24 hours from the preparation. The substrate was allowed to stand in a horizontal state for 20 minutes., and 
then, the substrate was dried (pre-baked) at 60°C for 30 minutes. Then, the photosensitive adhesive-agent solution 

40 (for the upper layer) 46 obtained in the process (7) and having the viscosity of 7 Pa.s was applied within 24 hours 

after the preparation. Then, the substrate was allowed to stand for 20 minutes in a horizontal state, and then the 
substrate was dried (dry to touch) at 60°C for 30 minutes. Thus, an adhesive-material layer 50 a having a thickness 
of 35 jam was formed (see Fig. 23 (G)). 

(9) A PET film 51 was brought into hermetic contact with each of the two sides of the substrate 30 having the 
45 adhesive-agent layer (see Fig. 24 (H)). Then, exposure was performed by operating an extra high tension mercury 

lamp with 500 mJ/cm 2 . Then, the substrate 30 was exposed to the extra high tension mercury lamp with 3000 mJ/ 

cm 2 . Then, heating was performed at 100°C for 1 hour, 120°C for 1 hour and 150°C for 3 hours (post-baking). 

Thus, an interlayer insulating resin layer (two-layer structure) 50 having a thickness of 35 u,m was manufactured. 

Then, the PET film 51 was separated. 
so (10) Then, the substrate 30 having the interlayer insulating resin layer 50 was placed on the X-Y table 1 90 described 

with reference to Fig. 34. Then, the carbon-dioxide gas laser beam was applied so that the through hole 48 was 

formed (see Fig. 24 (I)). Note that the tin-plated layer (not shown) was partially exposed to the through hole 48 

which would be formed into the via hole. 

To form the through hole having a diameter of 60 u,m, ML5003D was employed as the laser oscillator of the 
55 laser unit. The irradiation was performed such that the energy of one pulse was 0.3mJ, the pulse width was 50 u. 

sec, the diameter of the mask was 0.5mm, the pulse mode was a burst and multi-mode, the wavelength was 1 0.6 

um and the number of shots was three. 

Fig. 29 is an enlarged view of the portion C shown in Fig. 24 (I). Themultilayeredprintedcircuitboardaccording 
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to the fourth embodiment is arranged such that the carbon-dioxide gas laser beam is vertically applied to the 
conductive circuit 34 below the interlayer insulating resin layer 50 to cause the reflected wave and incident wave 
from the conductive circuit to interfere with each other . Thus, the stripe pits and projections 49 are formed on the 
side wall 48a of the through hole 48 by electroless plating 49. That is, a portion in which the widths of the waves 
superimpose with each other are created for each half wavelength (5 u. m) of the carbon-dioxide gas laser beam. 
In the foregoing portion, relatively great heat is produced, causing the side wall 48a to be annually scooped out. 
The depth D of the scooped portion is about 0.1 ujti to about 5 u.m. 

Figs. 30 (A) and 30 (B) show sketches of the through hole 48 formed in the interiayer insulating resin layer 50 
by the carbon-dioxide gas laser beam. Fig. 30 (A) shows a state in which the through hole is viewed from a diag- 
onally upper position, while Fig. 30 (B) shows a state in which the through hole is viewed from a position directly 
above the through hole. 

It is preferable that the Interlayer insulating resin layer is made of thermosetting resin or a composite material 
of the thermosetting resin and thermoplastic resin. The reason for this lies in that the stripe pits and projections 
can easily be formed by the interference of the laser beams. It is preferable that the thermosetting resin or the 
composite material of the thermosetting resin and the thermoplastic resin contains acrylic monomer. When the 
acrylic monomer is contained, plasma formation can easily be performed. Thus, occurrence of residues of the 
resin in the through hole can be prevented. 

(11) Then : the substrate 30 having the through hole 48 therein was immersed in chromic acid for 19 minutes to 
dissolve and remove epoxy resin particles existing on the surface of the interlayer insulating resin layer 50. Thus, 
the surface of the interlayer insulating resin layer 50 was coarsened (see Fig. 24 (J)) . Then, the substrate was 
immersed in neutral solution (manufactured by Sypray), and then the substrate was cleaned with water. 

(12) A palladium catalyst (manufactured by Atotech) was attached to the surface of the substrate 30, the surface 
of which has been coarsened in the process (1 0) so that catalyst cores are attached to the surface of the interlayer 
insulating resin layer 50. Then, the substrate 30 is immersed in electroless copper plating solution under similar 
conditions to those of the first embodiment. Thus, an electroless plated film 52 having a thickness of 0.6 ujti is 
formed on the overall surface (see Fig. 24 (K)). 

In the fourth embodiment, the stripe pits and projections are formed on the side wall 48a of the through hole 
48 of the interlayer insulating resin layer 50 by using interference of the laser beams. Therefore, the electroless 
plated film 52 can be brought into hermetic contact with the side wall 48a. 

(13) A commercial photosensitive dry film was applied to the electroless plated film 52 formed in the process (11), 
and then a mask was placed. Then, exposure was performed with 1 00 mJ/cm 2 and development was performed 
by using 0.8 % sodium carbonate. Thus, a plating resist 54 having a thickness of 1 5 um was formed (see Fig. 24 (L)). 

(14) Then, a portion in which the resist was not formed was electrolytic-copper-plated, under conditions similar to 
those of the first embodiment. Thus, an electrolytic plated film 56 having a thickness of 15 ^im was formed (see 



(1 5) The plating resist 54 was separated and removed by 5 % KOH, and then the electroless plated film 52 below 
the plating resist was dissolved and removed by performing an etching process using mixed solution of sulfuric 
acid and hydrogen peroxide. Thus, a conductive circuit 58 and a via hole 60 composed of the electroless plated 
film 52 and the electrolytic plated film 56 and having a thickness of 18 urn were formed (see Fig. 25 (N)). 

(16) Aprocess similar to the process (6) was performed so that a coarsened surface 62 made of Cu-Ni-P was 
formed on the surface of the conductive circuit 58 and that of the via hole 60. Then, the surface was Sn-substitute 
(see Fig. 25 (O)). 

(17) The processes (7) to (16) were repeated so that the upper interlayer insulating resin layer 150, the via hole 
160 and the conductive circuit 158 are formed. Thus, the multilayered printed circuit board is manufactured (see 
Fig. 25 (P) ) . The substitution of Sn was omitted in the process for forming the upper conductive circuit. Note that 
Rj was 3 jim. 

(1 8) Then, solder bumps are formed on the foregoing multilayered printed circuit board. The solder-resist compo- 
sition described in D is applied to each of the two sides of the substrate 30 obtained in the process (16) such that 
the thickness of the solder-resist composition is 45 um. Then, the substrate is dried (dry to touch) at 70°C for 20 
minutes and 70°C for 30 minutes. Then, the PET film was brought into hermetic contact, and then exposed with 
ultraviolet rays of 1000 mJ/cm 2 . Then, heat treatment is performed under conditions of 80°C for one hour, 100°C 
for one hour, 1 20°C for one hour and 1 50°C for three hours. Then, the PET film was separated so that the solder- 
resist layer (thickness: 20 jim) 70 is formed (see Fig. 26 (Q)). 

(19) Then, the substrate 30 having the solder-resist 70 was placed on the X-Y table 1 90 of the laser unit described 
with reference to Fig. 34. Then, the carbon-dioxide gas laser beam was applied to the substrate 30 so that the 
through holes (openings) 71 U and 71 D were formed (see Fig. 26 (R)). 

To form the through hole 71 having a diameter of 1 33 u,m in the upper surface (the surface which is connected 
to the IC chip), a laser oscillator ML5003D was employed in the laser unit (ML505GT) was employed. The irradiation 
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was performed such that the energy of one pulse was 2.0 mJ, the pulse width was 50 usee, the diameter of the 
mask was 2.0 mm, the pulse mode was a burst and multi-mode, the wavelength was 10.6 um and the number of 
shots were two. 

Fig. 31 (A) is an enlarged view of the portion A shown in Fig. 26 (R), that is, the through hole 71 U in the portion 
which is connected to the IC chip. The multilayered printed circuit board according to the fourth embodiment is 
arranged such that the carbon-dioxide gas laser beam is vertically applied to the conductive circuit 158 below the 
solder-resist 70 to cause the reflected wave and incident wave from the conductive circuit to interfere with each 
other. Thus, the stripe pits and projections are formed on the side wall 71 a of the through hole 71 U in a direction 
of the opening. That is, a portion in which the widths of the waves superimpose with each other are created for 
each half wavelength (5 \i m) of the carbon-dioxide gas laser beam. In the foregoing portion, relatively great heat 
is produced, causing the side wall 71a to be annually scooped out. The depth D of the scooped portion is about 
0. 1 um to about 5 urn As can be understood from the sketch of the photograph, the intervals of pits and projections 
(the distance between projections) are about 5.5 urn Since the multi-mode laser beam, the diameter of which can 
be reduced, is applied in the fourth embodiment, a through hole having a relatively small diameter (50 u. m to 300 
urn) for forming the bump for establishing the connection with the IC chip can be formed. 

Figs. 32 (A) and 32 (B) show sketches of an enlarged photograph of the through hole (upper) 71 U formed in 
the solder-resist 70 by the carbon-dioxide gas laser beam. Fig. 32 (A) shows a state in which the through hole is 
viewed from a diagonally upper position, while Fig. 32 (B) shows a state in which the through hole is viewed from 
a position directly above the through hole. 

Fig. 31 (B) is an enlarged view of the portion B shown in Fig. 26 (R), that is, the lower (a portion which is 
connected to the mother board) through hole 71 D. To form the through hole 71 D having a diameter of 650 urn in 
the lower surface, a laser oscillator ML5003D2 in the laser unit (ML505GT) was employed. The irradiation was 
performed such that the energy of one pulse was 14 mJ, the pulse width was 16 p_sec : the diameter of the mask 
was 1 0.0 mm, the pulse mode was a burst and single-mode : the wavelength was 1 0.6 um and the number of shots 
were five. 

The multilayered printed circuit board according to the fourth embodiment is arranged such that the carbon- 
dioxide gas laser beam is vertically applied to the conductive circuit 158 below the solder-resist 70: Thus, the 
reflected wave and incident wave from the conductive circuit are caused to interfere with each other. Therefore, 
the stripe pits and projections (hereinafter called "interference fringes) are formed on the side wall 71a of the 
through hole 71 D owing to the interference. The depth of the scooped portion of the interference fringes is about 
0.1 jim to about 5 urn. Since the laser beam in the single mode with which the diameter of the laser beam can be 
enlarged is employed in the fourth embodiment, a through hole having a relatively large diameter (300 pm to 650 
um) for forming the connection bump with the mother board can be formed. 

Figs. 33 (A), 33 (B) and 33 (C) show sketches of an enlarged photograph of the through hole (lower) 71 D 
formed in the solder-resist 70 by the carbon-dioxide gas laser beam. Fig. 33 (A) shows a state in which the through 
hole is viewed from a position directly above the through hole, Fig. 33 (B) shows a state in which the side wall of 
the through hole is viewed from a side position and Fig. 33 (C) shows a state in which the through hole is viewed 
from a diagonally upper position. 

In the fourth embodiment, the through hole is formed in the solder-resist layer by the laser beam. Therefore, 
a variety of materials may be employed to manufacture the solder-resist. The conventional technique uses pho- 
tolithography to form the through hole. Therefore, only the photosensitive resin is permitted as the material for the 
solder-resist. Since the laser beam is used in the fourth embodiment, a variety of materials having an excellent 
electric characteristic can be employed to manufacture the solder-resist. Since the through hole can be formed by 
using the laser unit which is the same used to form the interlayer insulating resin layer, the multilayered printed 
circuit board can be manufactured at a low cost. It is preferable that the solder-resist layer is made of the thermo- 
setting resin or a composite material of the thermosetting resin and the thermoplastic resin. The reason for this 
lies in that the stripe pits and projections can easily be formed by using the interference of the laser beams. 

(20) Next, the substrate 30 is dipped for 20 minutes into an electroless nickel plating liquid of pH=4.5 constructed 
by nickel chloride 2.31x1 0' 1 mol/l, sodium hypophosphite 2.8x1 0* 1 mol/l and sodium citrate 1.85x10- 1 mol/l.Thus, 
a nickel plating layer 72 having 5 um in thickness is formed in the opening portions 71 U, 71 D. Further, this substrate 
is dipped for 7 minutes and 20 seconds into an electroless gold plating liquid constructed by potassium gold cyanide 
4.1x10- 2 mol/l, ammonium chloride 1.87x10' 1 mol/l, sodium citrate 1.16x10' 1 mol/l and sodium hypophosphite 
1.7x1 0' 1 mol/l in a condition of 80 °C. Thus, a gold plating layer 74 having 0.03 um in thickness is formed on the 
nickel plating layer so that a soldering pad 75 is formed in the via hole 1 60 and the conducting circuit 158 (refer 
Fig. 26 (S)). 

(21) Then, solder paste, which is metal having a iow meiting point was printed to the openings 71 U and 71 D of 
the solder-resist 70, and then reflowing was performed at 200°C. Thus, soider bumps (soider) 76U and 76D were 
formed. As a result, the multilayered printed circuit board 10 was manufactured (see Fig. 27). In the fourth em- 
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bodiment, solder is enclosed through the nickel-plated layer 72 and the gold-plated layer 74 to form the solder 
bumps 76U and 76D. Therefore, the nickel-plated layer 72 and the gold-plated layer 74 are brought into hermetic 
contact with the openings 71 U and 71 D each having the stripe pits and projections. Thus, the solder bumps 76U 
and 76D can strongly be connected to the conductive circuit 158 

5 

[0361 ] Then, a pad 92 of the IC chip 90 is located to correspond to the solder bump 76U of the multilayered printed 
circuit board 10, followed by performing ref lowing. Thus, the IC chip 90 is mounted. The multilayered printed circuit 
board 1 0, on which the IC chip 90 has been mounted, is placed to correspond to the bump 96 adjacent to the daughter 
board 94, followed by performing reflowing. Thus, multilayered printed circuit board 10 is joined to the daughter board 
10 94 (see Fig. 28). 

[0362] The obtained printed circuit board was subjected to a heating test (heated at a temperature of 1 21 °C for 48 
hours) to examine the change rate of the resistance of the via hole portion. 

[0363] The IC chip was mounted so as to be subjected to a TS test (in this test, the mounted IC chip was allowed to 
stand at - 125*C for 30 minutes and 55°C for 30 minutes). The test was repeated 1000 times to examine the change 
'5 rate of the resistance in the via hole portion. 

[0364] To make a comparison, a printed circuit was subjected to a similar test, the printed circuit being a printed 
circuit board having the solder-resist layer according to the embodiment and exposed to ultraviolet rays and the through 
hole formed by performing development using diethylene glycol dimethylether. 

[0365] As a result, the printed circuit board according to the fourth embodiment resulted in a change rate of the 
20 resistance being 1 % in both of the heating test and the TS test. 

[0366] On the other hand, the change rate of the comparative example was 5 %. 

[0367] As described above, the printed circuit board according to the fourth embodiment exhibits excellent reliability 
of the connection between precise via holes. 

[0368] The IC chip was mounted on the printed circuit board so as to be subjected to a HAST test (relative humidity 
was 1 00 %, applied voltage was 1 .3 V and the board was allowed to stand at 121°C for 48 hours). Moreover, cross 
cuts were examined by a fluorescent X-ray analyzer (Rigaku RIX21 00) to confirm Pb dispersed in the solder-resist layer 
[0369] Moreover, the TS test (the sample was allowed to stand at - 1 25°C for 30 minutes and 55°C for 30 minutes) 
was repeated 1000 times to examine separation of the Ni layer and the Au layer and occurrence of a crack in the 
solder-resist layer. 

[0370] To make a comparison, a printed circuit was subjected to a similar test, the printed circuit being a printed 
circuit board having the solder-resist layer according to the embodiment and exposed to ultraviolet rays and the through 
hole formed by performing development using diethylene glycol dimethylether. 

[0371 ] As a result, the printed circuit board according to the fourth embodiment was substantially free from migration 
of Pb. 

[0372] On the other hand, the printed circuit board according to the comparative example encountered migration of 
Pb in spite of prevention of a short circuit. In the TS test, the embodiment was free from separation and a crack. On 
the other hand, the comparative example encountered separation of the bump in each Ni layer and a crack of the 
solder-resist layer. 



25 
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[0373] As described above, the printed circuit board according to the fourth embodiment is able to prevent separation 
of the Ni-plated film, dispersion of metal ions from the bump and a crack of the solder-resist layer 



[Fifth Embodiment] 



[0374] A multilayered printed circuit board according to a fifth embodiment of the present invention will now be de- 
45 scribed. 

First Modification 

[0375] 

50 

(1 ) A double-side copper-plated laminated board (R571 5 manufactured by Matsushita Electric Works) 130A which 
incorporated a substrate 130 to which copper foil 132 having a thickness of 12 u/n was applied and having a 
thickness of 0.6 mm was prepared (see Fig. 35 (A)). 

(2) The copper foil 132 was etched by solution of sulfuric acid and hydrogen peroxide to make the thickness to be 
55 5 jam (see Fig. 35 (B)). 

(3) The double-side copper-plated laminated board 130A was irradiated with carbon-dioxide gas laser beam 
(ML605GTL manufactured by Mitsubishi Electric) under pulse conditions of 30 mJ, 52 x 1 0*6 second and 1 0 shots 
Thus, an opening 116 having a diameter of 150 jim (tapered such that upper diameter D1: 160 urn and lower 
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diameter D2: 140 urn) was formed (see Fig. 35 (C)). Thus, the opening can be formed in the substrate 130 through 
the copper foil 132 having the thickness of 5 p. m by using the laser beam. (3) The inner surface of the opening 
116 was electroless-plated so that a plated through hole 136 was formed (see Fig. 35 (D)). 

5 Second Modification 

[0376] 

(1 ) A double-side copper-plated laminated board (R571 5 manufactured by Matsushita Electric Works) 230A which 
w incorporated a substrate 230 to which copper foil 232 having a thickness of 12 u,m was applied and having a 

thickness of 0.6 mm was prepared (see Fig. 36 (A)). 

(2) The copper foil 232 was etched by solution of sulfuric acid and hydrogen peroxide to make the thickness to be 
9 urn (see Fig. 36 (B)). 

(3) The double-side copper-plated laminated board 230A was irradiated with carbon-dioxide gas laser beam 
15 (ML605GTL manufactured by Mitsubishi Electric) under pulse conditions of 30 mJ, 52 x 10" 6 second and 15 shots. 

Thus, an opening 116 having a diameter of 150 u,m (tapered such that upper diameter D1: 160 p.m and lower 
diameter D2: 140 urn) was formed (see Fig. 36 (C)). Thus, the opening can be formed in the substrate 130 through 
the copper foil 132 having the thickness of 9 \xxr\ by using the laser beam. 

(4) Electroless plating was performed similarly to the first modification so that a plated through hole 236 was formed 
20 (see Fig. 36 (D)). 

Third Modification 

[0377] 

25 

(1) A double-side copper-plated laminated board (R571 5 manufactured by Matsushita Electric Works) 330A which 
incorporated a substrate 330 to which copper foil 332 having a thickness of 12 mm was applied and having a 
thickness of 0.6 mm was prepared (see Fig. 37 (A)). 

(2) The copper foil 332 was etched by solution of sulfuric acid and hydrogen peroxide to make the thickness to be 
30 5 urn (see Fig. 37 (B)). 

(3) The double-side copper-plated laminated board 330A was irradiated with carbon-dioxide gas laser beam 
(ML605GTL manufactured by Mitsubishi Electric) under pulse conditions of 30 mJ, 52 x 1 0' 6 second and 15 shots. 
Thus, an opening 316 having a diameter of 150 urn (tapered such that maximum upper diameter D3: 160 urn and 
minimum diameter D4: 140 urn) was formed. The cross section of the opening 316 was a concave shape (see Fig. 

35 37(C)). 

(4) Electroless plating was performed similarly to the first modification so that a plated through hole 336 was formed 
(see Fig. 37 (D)). In the fourth modification, the laser beams are applied from both of the right side and reverse 
side. Therefore, the through hole can be formed if the thickness of the substrate is large. 

40 Comparative Example 7 

[0378] 

(1) A double-side copper-plated laminated board (R5715 manufactured by Matsushita ElectricWorks) to which 
45 copper foil having a thickness of 12 urn was applied and which had a thickness of 0.6 mm was prepared. 

(2) The double-side copper-plated laminated board was irradiated with carbon-dioxide gas laser beam (ML605GTL 
manufactured by Mitsubishi Electric) under pulse conditions of 30 mJ, 52 x 10 6 second and 15 shots. However, 
formation of an opening was impossible. Thus : formation of a through hole cannot be performed if the thickness 
of the copper foil is larger than 12 urn. Fourth Modification 

50 

[0379] The fourth embodiment for manufacturing a multilayered printed circuit board by forming a through hole by 
using a laser beam will now be described with reference to Figs. 38 to 44. 

[0380] The structure of a multilayered printed circuit board 1 0 according to a fourth modification will now be described 
with reference to Fig. 43. The multilayered printed circuit board 10 incorporates a core substrate 30 having built-up 
55 circuit layers 80A and 80B formed on the right side and reverse side thereof. The built-up circuit layer 80A incorporates 
an interlayer insulating resin layer 50 having a via hole 60 and a conductive circuit 58; and an upper interlayer insulating 
resin layer 150 having a via hole 160 and a conductive circuit 158. The built-up circuit layer 80B incorporates an 
interlayer insulating resin layer 50 having the via hole 60 and the conductive circuit 58; and an upper interlayer insulating 
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resin layer 150 having the via hole 160 and the conductive circuit 158. 

[0381] A solder bump 76U for establishing the connection with a land (not shown) of the IC chip is formed on the 
upper surface of the multilayered printed circuit board 10. The solder bump 76U is connected to the through hole 36 
through the via hole 160 and the via hole 60. On the other hand, a solder bump 76D for establishing the connection 
with a land (not shown) of the daughter board is formed on the lower surface. The solder bump 76D is connected to 
the through hole 36 through the via hole 160 and the via hole 60. The description of the method of manufacturing the 
multilayered printed circuit board 1 0 will be continued. 

Manufacturing of Printed Circuit Board 

[0382] 



(1) A copper-plated laminated board 30A having the core substrate 30 which had a thickness of 0.6 mm, which 
was made of glass epoxy resin and to which copper foil 32 having a thickness of 12 u.m was laminated to each of 

15 the two sides thereof was employed as the start material (see Fig. 38 (A) ) . Then, the copper-plated laminated 

board 30A was etched to have the thickness to be 5 u.m (see Fig. 38 (B)). 

(2) The copper-plated laminated board 30A was irradiated with a carbon-dioxide gas laser beam (ML605GTL 
manufactured by Mitsubishi Electric) under pulse conditions of 30 mJ, 52 x 10~ 6 second and 15 shots. However, 
formation of an opening was impossible. Thus, a through hole 16 was formed which had a thickness of 100 jim 

20 (tapered such that upper diameter D1 : 

110 u,rn and lower diameter D2: 90 urn) (see Fig. 38 (C)). 

Then, electroless plating and electrolytic plating were performed (see Fig. 38 (D)). Then : the copper foil was 
etched in accordance with a pattern by a usual method so that an inner-layer copper pattern (the lower conductive 
circuit) 34 having a thickness of 15 ujti and the through hole 36 were formed on the two sides of the substrate (see 

25 Fig. 38 (E)). 

Then, the coarsened surface 38 was formed on each of the surface of the inner-layer copper pattern 34, the 
surface of the land 36A of the through hole 36 and the inner wall. Thus, a printed circuit board was manufactured 
(see Fig. 38 (F)). The coarsened surface 38 was formed by cleaning the foregoing substrate 30 with water, followed 
by drying the substrate 30. Then, etching solution was sprayed to the two sides of the substrate to etch the surface 
30 of the inner-layer copper pattern 34, the surface of the land 36a of the through hole 36 and the inner wall. The 

etching solution was a mixture of 10 parts by weight imidazole copper (II) complex, 7 parts by weight of glycollic 
acid, 5 parts by weight of potassium chloride and 78 parts by weight of ion exchange water. 

(3) Then, resin layer 40 was formed between the inner-layer copper patterns 34 and in the through hole 36 of the 
printed circuit board (see Fig. 39 (G)). The resin layer 40 was formed by applying the resin filler which was previously 
prepared and which was similar to that according to the fourth embodiment to the two sides of the printed circuit 
board by a roll coater so as to be enclosed between the inner-layer copper patterns and in the through hole, 
followed by heating and hardening the resin filler. 

(4) Either side of the substrate 30 obtained in the process (3) was belt-sander-polished. The polishing operation 
was performed by using #600 belt sander paper (manufactured by Sankyo) such that leaving of the resin filler 40 
on the coarsened layer 38 of the inner-layer copper pattern 34 and the surface of the land 36a of the through hole 
36 was prevented (see Fig. 39 (H) ) . Then, flaws caused from the belt-sander-polishing were removed by per- 
forming buff-polishing. The foregoing sequential polishing operation was performed for another side. 

(5) Then, the exposed inner-layer copper pattern 34 and the upper surface of the land 36a of the through hole 36 
were coarsened by performing an etching process in (2). Thus, a coarsened layer 42 having a depth of 3 ujti was 

45 formed (see Fig. 39 (I)). 

The coarsened layer 42 was Sn-substituted so that an Sn layer (not shown) having a thickness of 0.3 urn was 
formed. The substitutional plating was performed under conditions that 0.1 mol/l tin borofluoride and 1.0 mol/l 
thiourea were used, the temperature was 50°C and pH was 1 .2. Thus, the coarsened surface was Cu-Sn-substi- 
tuted. 

(6) The two sides of the Obtained printed circuit board 30 were coated with the adhesive agent for electroless 
plating similar to that used in the fourth embodiment by using a roll coater. The adhesive agent was dried at 60°C 
for 30 minutes after the substrate was allowed to stand for 20 minutes in a horizontal state. Thus, an adhesive- 
agent layer 50 having a thickness of 35 |im was formed (see Fig. 39 (J)). 

(7) The two sides of the obtained printed circuit board 30 were exposed with 500 mJ/cm 2 by operating an extra 
55 high tension mercury lamp so as to be heated at 150°C for 5 hours. 

(8) The obtained printed circuit board 30 was immersed in chromic acid for one minute so that epoxy resin particles 
existing on the surface of the adhesive layer 50 were dissolved and removed. As a result of the foregoing process, 
a coarsened surface was formed on the surface of the adhesive layer 50. Then, the obtained substrate 30 was 
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immersed in neutral solution (manufactured by Syplay), followed by cleaning the same with water (see Fig. 39 (K)). 

(9) Then, the overall surface of the substrate 30 was electroless-plated 44 having a thickness of 0 6 mm (see Fia 
40(D). 

(10) An etching resist (not shown) was provided for the obtained substrate, and etching was performed by using 
sulfuric acid-hydrogen peroxide solution. Thus, an opening 44a having a diameter of 50 urn was formed in a portion 
of the electroless copper plating 44 in which via hole will be formed (see Fig. 40 (M)). 

(1 1 ) The electroless copper plating 44 was used as a conformal mask to irradiate short-pulse (1 0" 4 second) laser 
beam (ML605GTL manufactured by Mitsubishi Electronics). Thus, the adhesive-agent layer 50 below the opening 
44a was removed so that an opening 48 for forming the via hole was formed (see Fig. 40 (N)). 

Then, a palladium catalyst (manufactured by Atotech) was attached to the surface of the circuit board 30 so 
that a catalyst core was added to the surface of the electroless-plated film 44 and the coarsened surface of the 
opening 48 for forming the via hole. 

(1 2) The obtained substrate 30 was immersed in the electroless copper plating bath. Thus, an electroless copper 
plated film 52 having a thickness of 1 .6 jim was formed on the overall surface of the substrate 30 (see Fig. 40 (O)). 

(1 3) Then, a commercial photosensitive dry film (not shown) was applied to the electroless copper plated film 52. 
Then, a mask film (not shown) having a pattern printed thereon was placed. The substrate 30 was exposed to light 
with 100 mJ/cm 2 , and then a development process was performed by using 0.8 % sodium carbonate. Thus, a 
resist 54 having a thickness of 1 5 |xm was formed (see Fig. 40 (P)). 

(14) The obtained subsLrale was electrolytic copper plated so that an electrolytic copper plated film 56 having a 
thickness of 15 p.m was formed (see Fig. 41 (Q)). 

(15) The plating resist 54 was removed by using 5 % KOH, and then mixed solution of sulfuric acid and hydrogen 
peroxide was used to perform etching so that the electroless copper plated film 52 below the plating resist was 
dissolved and removed. Thus, a conductive circuit 58 and the via hole 60 composed of the copper foil 32, the 
electroless plating 44, the electroless plated film 52 and the electrolytic copper plated film 56 and having a thickness 
of 18 ujti (1 0 u,m to 30 jim) were obtained (see Fig. 41 (R) ) . The thickness was made to be 1 0 p.m to 30 urn to 
simultaneously realize a fine pitch and reliability of the connection. 

Then, the substrate was immersed in 80 g/L chromic acid at 70°C to etch the surface of the adhesive-agent 
layer 50 for the electroless plating between the conductive circuits 58 by a depth opening 1 jim so as to remove 
the palladium catalyst on the surface. 

(16) Aprocess similar to the process (5) was performed so that a coarsened surface 62 made of Cu-Ni-P was 
formed on each of the surface of the conductive circuit 58 and that of the via hole 60. Then, the surface was Sn- 
substituted (see Fig. 41 (S)). 

(1 7) The processes (6) to (1 6) are repeated so that the upper interlayer insulating resin layer 1 60, the via hole 1 60 
and the conductive circuit 158 are formed. Then, the coarsened layer 1 62 is formed on the surface of the via hole 
160 and that of the conductive circuit 158. Thus, the multilayered printed circuit board is manufactured (see Fig. 
40 (T). Note that the Sn substitution was not performed in the process for forming the upper conductive circuit. 

(18) Then, a solder bump is formed on the above-mentioned multilayered printed circuit board. The two sides of 
the substrate 30 obtained in the process (1 7) are coated with a solder-resist composition similar to that according 
to the fourth embodiment, the thickness of the solder-resist layer composition being 45 mm. Then, a drying process 
was performed at 70°C for 20 minutes and at 70°C for 30 minutes. Then, a photomask film (not shown) on which 
a circle pattern (a mask pattern) has been drawn and which has a thickness of 5 mm was hermetically placed. 
Then, exposure is performed with ultraviolet rays with 1000 mJ/cm* so that a DMTG development process is 
performed. Then, heating is performed at 80°C for one hour, 100°C for one hour, 120°C for one hour and 150°C 
for three hours. Thus, a solder-resist layer (having a thickness of 20 ujti) 70 is formed which has an opening (having 
a diameter of 200 ujti) 71 in the solder pad portion (including the via hole and its land portion) (see Fig. 42 (U)). 

(19) Then, the nickel-plated layer 72 was formed. Then, the gold-plated layer 74 having a thickness of 0.03 |±m is 
formed on the nickel-plated layer so that the solder pad 75 is formed on the via hole 1 60 and the conductive circuit 
158 (see Fig. 42 (V)). 

(22) Solder paste was printed on an opening 71 of the solder-resist layer 70, followed by performing reflowing at 
200°C. Thus, solder bumps (solder) 76U and 76D were formed. As a result, the multilayered printed circuit board 
10 was formed (see Fig. 42 (W)). 



(Fifth Modification) 

[0383] The fifth modification is similarly to the fourth modification. Note that a substrate 330 having a through hole 
was employed as the core substrate, the substrate 330 having a concave through hole 336 obtained in the third mod- 
ification. 



BNSDCCID: <EP 1121008A1 J_> 



41 



EP 1 121 008 A1 



(Sixth Modification) 

[0384] Fig. 44 shows the structure of a m u It i layered printed circuit board according to a sixth modification. The fore- 
going printed circuit board has the structure that the diameter D of the communication hole 16 of the through hole 36 
formed by a laser beam is 100 mm to 200 mm. In this modification, the communication hole 16 is not tapered. The 
multilayered printed circuit board 1 0 has the via hole 60 which is so formed as to close the communication hole 1 6 of 
the through hole 36 formed in the core substrate 30. Thus, the via hole 60 is formed at a position directly above the 
through hole 36. Therefore, the length of the circuit in the multilayered printed circuit board can be minimized. Therefore, 
the operation speed of the IC chip can be raised. 

[0385] The region directly above the through hole 36 is made to serve as the inner pad so that dead space is elim- 
inated. Since a necessity of wiring the inner pad for establishing the connection from the through hole 36 to the via 
hole 60 can be eliminated, the shape of the land 36a of the through hole 36 can be made to be true round. As a result, 
the density at which the through holes 36 are formed in the multilayered core substrate 30 can be raised, if 20 % to 
50 % of the surface of the bottom of the through hole 36 formed in the multilayered core substrate 30 is made contact 
with the land 36a of the through hole 36, satisfactory electric connection can be realized in this embodiment. 
[0386] As described above, the fifth embodiment is able to form an operation in the copper-plated laminated board 
by the carbon-dioxide gas laser beam. Therefore, a small through hole can be formed at a low cost. 

[Sixth Embodiment] 

[0387] A multilayered printed circuit board according to a sixth embodiment of the present invention will now be 
described. 

Manufacturing of Printed Circuit Board 
[0388] 

(1) A copper-plated laminated board 30A having the core substrate 30 (R5715 (Tg:190°C) manufactured by Mat- 
sushita ElectricWorks) which had a thickness of 0.6 mm, which was made of glass epoxy resin and to which copper 
foil 32 having a thickness of 12 |xm was laminated to each of the two sides thereof was employed as the start 
material (see Fig. 45 (A)). Then, the copper-plated laminated board 30A was etched to have the thickness to be 
5 jim (see Fig. 45 (B)). 

(2) The copper-plated laminated board 30A was irradiated with a carbon-dioxide gas laser beam (ML605GTL 
manufactured by Mitsubishi Electric) under pulse conditions of 30 mJ, 52 x 10 -6 second and 15 shots. Thus, a 
through hole 1 6 having a diameter D of 1 00 jim was formed (see Fig. 45 (C) ) . The through hole 1 6 was not tapered. 

Then, electroless plating and electrolytic plating were performed (see Fig. 45 (D) ) . Then, the copper foil was 
etched in accordance with a pattern by a usual method so that an inner-layer copper pattern (the lower conductive 
circuit) 34 having a thickness of 1 5 jam and the through hole 36 were formed on the two sides of the substrate (see 
Fig. 45 (E)). 

Then, the coarsened surface 38 was formed on each of the surface of the inner-layer copper pattern 34, the 
surface of the land 36A of the through hole 36 and the inner wall. Thus, a printed circuit board was manufactured 
(see Fig. 46 (F)). The coarsened surface 38 was formed by cleaning the foregoing substrate 30 with water, followed 
by drying the substrate 30. Then, etching solution was sprayed to the two sides of the substrate to etch the surface 
of the inner-layer copper pattern 34, the surface of the land 36a of the through hole 36 and the inner wall. The 
etching solution was a mixture of 10 parts by weight imidazole copper (II) complex, 7 parts by weight of glycollic 
acid, 5 parts by weight of potassium chloride and 78 parts by weight of ion exchange water. 

(3) Then, resin layer 40 was formed between the inner-layer copper patterns 34 and in the through hole 36 of the 
printed circuit board (see Fig. 46 (G)). The resin layer 40 was formed by applying the resin filler which was previously 
prepared and which was similar to that according to the fourth embodiment to the two sides of the printed circuit 
board by a roll coater so as to be enclosed between the inner-layer copper patterns and in the through hole, 
followed by heating and hardening the resin filler at 1 00°C for one hour, 1 20°C for three hours, 1 50°C for one hour 
and 180°C for 7 hours. 

(4) Either side of the substrate 30 obtained in the process (3) was belt-sander-polished. The polishing operation 
was performed by using #600 belt sander paper (manufactured by Sankyo) such that leaving of the resin filler 40 
on the coarsened layer 38 of the inner-layer copper pattern 34 and the surface of the land 36a of the through hole 
36 was prevented (see Rg. 46 (H) ) . Then, flaws caused from the belt-sander-polishing were removed by per- 
forming buff-polishing. The foregoing sequential polishing operation was performed for another side. 

(5) Then, the exposed inner-layer copper pattern 34 and the upper surface of the land 36a of the through hole 36 
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were coarsened by performing an etching process in (2). Thus, a coarsened layer 42 having a depth of 3 um was 
formed (see Fig. 46 (I)). 

The coarsened layer 42 was Sn-substituted so that an Sn layer (not shown) having a thickness of 0.3 u.m was 
formed. The substitutional plating was performed under conditions that 0.1 mol/L tin borofluoride and 1 .0 mol/L 
5 thiourea were used, the temperature was 50°C and pH was 1 .2. Thus, the coarsened surface was Cu-Sn-substi- 

tuted. 

(6) The two sides of the obtained printed circuit board 30 were coated with the adhesive agent for electroless 
plating similar to that used in the fourth embodiment by using a roll coater. The adhesive agent was dried at 60°C 
for 30 minutes after the substrate was allowed to stand for 20 minutes in a horizontal state. Thus, an adhesive- 

10 agent layer 50 having a thickness of 35 |im was formed (see Fig. 46 (J)). 

(7) The two sides of the obtained printed circuit board 30 were exposed with 500 mJ/cm 2 by operating an extra 
high tension mercury lamp so as to be heated at 150°C for 5 hours. 

(8) The obtainedprinted circuit board 30 was immersed in chromic acid for one minute so that epoxy resin particles 
existing on the surface of the adhesive layer 50 were dissolved and removed. As a result of the foregoing process, 

75 a coarsened surface was formed on the surface of the adhesive layer 50. Then, the obtained substrate 30 was 

immersed in neutral solution (manufactured by Syplay), followed by cleaning the same with water (see Fig. 46 (K)). 

(9) Then, the overall surface of the substrate 30 was electroless-plated 44 having a thickness of 0.6 u/n (see Fig. 
47 (L)). 

(10) An etching resist (not shown) was provided for the obtained substrate, and etching was performed by using 
20 sulfuric acid-hydrogen peroxide solution. Thus, an opening 44a having a diameter of 50 u,m was formed in a portion 

of the electroless copper plating 44 in which via hole would be formed (see Fig. 47 (M)). 

(11) The electroless copper plating 44 was used as a conformal mask to irradiate short-pulse (10~ 4 second) laser 
beam (ML605GTL manufactured by Mitsubishi Electric). Thus, the adhesive-agent layer 50 below the opening 44a 
was removed so that an opening 48 for forming the via hole was formed (see Fig. 47 (N)). 

25 Then, a palladium catalyst (manufactured by Atotech) was attached to the surface of the circuit board 30 so 

that a catalyst core was added to the surface of the electroless-plated film 44 and the coarsened surface of the 
opening 48 for forming the via hole. 

(12) The obtained substrate 30 was immersed in the electroless copper plating bath. Thus, an electroless copper 
plated film 52 having a thickness of 1 .6 um was formed on the overall surface of the substrate 30 (see Fig. 47 (O)). 

30 (13) Then, a commercial photosensitive dry film (not shown) was applied to the electroless copper plated film 52. 

Then, a mask film (not shown) having a pattern printed thereon was placed. The substrate 30 was exposed to light 
with 100 mJ/cm 2 , and then a development process was performed by using 0.8 % sodium carbonate. Thus, a 
resist 54 having a thickness of 15 urn was formed (see Fig. 47 (P)). 

(14) The obtained substrate was electrolytic copper plated so that an electrolytic copper plated film 56 having a 
35 thickness of 15 \im was formed (see Fig. 48 (Q)). 

(15) The plating resist 54 was removed by using 5 % KOH, and then mixed solution of sulfuric acid and hydrogen 
peroxide was used to perform etching so that the electroless copper plated film 52 below the plating resist was 
dissolved and removed. Thus, a conductive circuit 58 and the via hole 60 composed of the copper foil 32, the 
electroless plating 44, the electroless plated film 52 and the electrolytic copper plated film 56 and having a thickness 

40 of 18 |xm (10 jim to 30 ujn) were obtained (see Fig. 48 (R)). The thickness was made to be 10 p.m to 30 ujti to 

simultaneously realize a fine pitch and reliability of the connection. 

Then, the substrate was immersed in 80 g/L chromic acid at 70°C for 3 minutes to etch the surface of the 
adhesive-agent layer 50 for the electroless plating between the conductive circuits 58 by a depth opening 1 jim 
so as to remove the palladium catalyst on the surface. 

45 (16) Aprocess similar to the process (5) was performed so that a coarsened surface 62 made of Cu-Ni-P was 

formed on each of the surface of the conductive circuit 58 and that of the via hole 60. Then, the surface was Sn- 
substituted (see Fig. 48 (S)). 

(1 7) The processes (6) to (1 6) are repeated so that the upper interlayer insulating resin layer 1 60, the via hole 1 60 
and the conductive circuit 158 are formed. Then, the coarsened layer 1 62 is formed on the surface of the via hole 

50 160 and that of the conductive circuit 158. Thus, the multilayered printed circuit board is manufactured (see Fig. 

47 (T). Note that the Sn substitution was not performed in the process for forming the upper conductive circuit. 

(18) Then, a solder bump is formed on the above-mentioned multilayered printed circuit board. The two sides of 
the substrate 30 obtained in the process (1 7) are coated with a solder-resist composition similar to that according 
to the fourth embodiment, the thickness of the solder-resist layer composition being 45 u,m. Then, exposure is 

55 performed so that a solder-resist layer (having a thickness of 20 uxn) 70 is formed which has an opening (having 

a diameter of 200 um) 71 in the solder pad portion (including the via hole and its land portion) (see Fig. 49 (U)). 

(19) Then, the nirkel-plated lay^r 79 having a thickness of 5 um was formed in the opening 71. Then, the gold- 
plated layer 74 having a thickness of 0.03 u. m is formed on the nickel-plated layer so that the solder pad 75 is 
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formed on the via hole 160 and the conductive circuit 158 (see Fig. 49 (V)). 

(22) Solder paste was printed on an opening 71 of the solder-resist layer 70, followed by performing reflowing at 
200°C. Thus, solder bumps (solder) 76U and 76D were formed. As a result, the multilayered printed circuit board 
10 was formed (see Fig. 50). 



Comparative Example 8 

[0389] As a start material for the core substrate, a double-side copper-plated laminated board which was R-1 705 
(FR-4 grade: Tg point: 165°C) manufactured by Matsushita Electrics Works was employed. Similarly to the sixth em- 
bodiment, a multilayered printed circuit board was manufactured. 

[0390] The multilayered printed circuit board according to the sixth embodiment and a multilayered printed circuit 
board according to a comparative example were subjected to the HAST, STEAM and TS tests. Results were shown 
in a table shown in Fig. 58. 

[0391] The HAST test was performed such that 10 multilayered printed circuit boards were used under conditions 
of 130°C, 85 %RH, 1.3 atm, 1.8 V applied. The foregoing state was maintained for 10 hours, and then insulation 
resistance between plated through holes was measured. 

[0392] On the other hand, the STEAM test was performed such that 10 multilayered printed circuit boards were used 
such that a state that the temperature is 121 C C and 100 % RH and 2.1 atm was maintained for 336 hours to measure 
the insulation resistance between the plated through holes. 

[0393] The TS test was performed such that 10 multilayered printed circuit boards were used such that heating and 
cooling at - 55°C for three minutes and 125°C for three minutes were repeated 1000 times. Thus, change in the re- 
sistance in the plated through hole chain was measured. The plated through hole chain is called a chain formed by 
adjacent through holes 36 are electrically connected to one another by the conductive circuits 34 on the right side of 
the core substrate and the conductive circuits 34 on the reverse side, as shown in Fig. 45 (E 1 ). 

[0394] As can be understood from the results shown in the table shown in Fig. 58, the multilayered printed circuit 
board according to the comparative example encountered considerable deterioration in the insulation characteristic. 
[0395] In the sixth embodiment, the substrate 30 was the R571 5 (Tg: 1 90°C) manufactured by Matsushita Electrics 
Works so that the reliability required as the multilayered printed circuit board was satisfied. Similarly to the sixth em- 
bodiment, the following glass epoxy resin substrates (1 ) to (4) having Tg point not lower than 190°C were subject to 
the HAST, STEAM and TS tests . As a result, reliability similar to that obtainable from the sixth embodiment was realized. 
As can be understood from the foregoing results, use of the glass epoxy resin substrate having Tg point not lower than 
190°C enables the required reliability to be realized. 

(1) Mitsubishi Gas Chemical HL830 (Tg point: 217°C) 

(2) Mitsubishi Gas Chemical HL830FC (Tg point: 212°C) 

(3) Hitachi Chemical MCL-E-679LD (Tg point 205°C to 215°C) 

(4) Hitachi Chemical MCL-E-679F (Tg point 205°C to 217°C) 

[0396] As described above, the sixth embodiment is structured such that the core material constituted by a low-cost 
glass epoxy resin substrate was employed as the core substrate. In this embodiment, satisfactory insulation resistance 
between the plated through holes and heat cycle characteristic can be realized. 

[Seventh Embodiment] 

[0397] A printed circuit board and a manufacturing method therefor according to a seventh embodiment will now be 
described with reference to the drawings. 

[0398] As shown in Fig. 53 (B), a printed circuit board 701 according to the seventh embodiment is a so-called double- 
side board incorporating an insulation substrate 704 which has, on the right side and reverse side thereof, a conductor 
pattern 702 and a plated through hole 703 formed by the subtractive method. That is, the printed circuit board 701 has 
two conductor layers. The insulation substrate 704 is structured such that a glass cloth substrate is impregnated with, 
for example, epoxy resin, polyimide resin or BT (bis maleimide-triazine) resin. In the seventh embodiment, a substrate 
(a so-called glass epoxy resin substrate) impregnated with a relatively low-cost epoxy resin is selected. Note that the 
insulation substrate 704 is caused from a copper-plated laminated member 705 which is a metal-plated laminated plate. 
[0399] The conductor pattern 702 formed on each of the two sides of the insulation substrate 704 incorporates a 
copper ground layer 706 having a thickness of 0.2 urn to 3.0 u.m and serving as a ground layer; a thin copper-plated 
layer 707 formed on the copper ground layer 706; and a thick copper-plated layer 708 formed on the thin copper-plated 
layer 707. That is, the conductor pattern 702 has a three-layered structure. Note that the copper ground layer 706 is 
caused from a very-thin copper foil 709 which is very thin conductive metal foil. The space between the adjacent 
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conductor patterns 702 is made to be about 35 urn. The width (the width of the top portion) of the line of the conductor 
pattern 702 is made to be about 70 uxn. 

[0400] The conductor patterns 702 formed on the two sides of the insulation substrate 704 are electrically connected 
to each other through the plated through hole 703 formed to penetrate the insulation substrate 704. The conductor 
layer in the plated through hole 703 incorporates a thin copper-plated layer 707 formed on the inner wall of an opening 
71 0 for forming the through hole and a thick copper-plated layer 708 formed on the thin copper-plated layer 707. That 
is, the conductor layer in the plated through hole 703 is formed into a two-layer structure. A land 3a of the plated through 
hole 703 has the same structure as that of the conductor pattern 702, that is, the three-layer structure. 
[0401] The procedure for manufacturing the printed circuit board 701 according to the seventh embodiment will now 
be described. 

[0402] Initially, the copper-plated laminatedmember 705 which is the metal-plated laminated board is prepared. As 
shown in Fig. 51 (A), very thin copper foil 709 is applied to each of the two sides of the insulation substrate 704 of the 
copper-plated laminated member 705. It is preferable that the thickness of the copper foil 709 is 0.5 urn to 7.0 u.m, 
more preferably 1 .0 um to 3.0 um If the thickness of the copper foil 709 is too small, handling of the foil deteriorates. 
Thus, the bonding work cannot easily be completed. If the thickness of the copper foil 709 is too large, a portion of the 
thickness which must be removed by etching in a conductor pattern dividing process cannot sufficiently be reduced. 
Therefore, this embodiment has the structure that the copper foil 709 (electrolytic copper foil having a purity of 99.8 % 
or higher) has the thickness of 3.0 u,m. 

[0403] As an alternative to the copper foil 709, metal foil, such as aluminum Toil, tin foil, gold foil, silver foil, platinum 
foil or nickel foil may be employed. From a viewpoint of cost reduction and easy etching, it is preferable that the copper 
foil 709 is employed similarly to the seventh embodiment. 

[0404] Then, a drilling process is performed so that an opening 710 for forming the through hole having a diameter 
of 0.1 mm to 0.2 \im is formed at a predetermined position of the prepared copper-plated laminated member 705 by 
drilling (see Fig. 51 (B)). When an opening 71 0 for forming the through hole having a smaller diameter is attempted to 
be formed, a laser work may be performed in place of the drilling work. 

[0405] When the foregoing opening forming process is performed, smear occurs in the opening 710 for forming the 
through hole owing to produced heat. To dissolve and remove produced smear, desmear solution is used to process 
the copper-plated laminated member 705. Note that the desmear process may be performed by a plasma method. 
[0406] It is preferable that the desmear process is performed under conditions that the very thin copper foil 709 does 
not disappear. Specifically, the desmear process is performed under condition that the initial thickness of the copper 
foil 709 is reduced from 1/10 to 1/2. In the foregoing case, the desmear solution is solution of sulfuric acid, chromic 
acid or alkali permanganate. In the seventh embodiment, sodium permanganate solution having somewhat weak ox- 
idizing power was processed at 30°C to 70°C for 5 minutes to 20 minutes. The foregoing desmear process has com- 
pletely removed the smear and reduced the initial thickness of the copper foil 709 to about 1/3. As a result, as shown 
in Fig. 51 (B), the copper ground layer 706 caused from the very thin copper foil 709 and having a thickness of about 
1 .0 u. m was formed. It is preferable that the thickness of the copper ground layer 706 satisfies a range from 0.2 u.m 
to 3.0 jim. 

[0407] After the desmear process has been completed, a catalyst core is added to cause plating to be deposited on 
the surface of the inner wall of the opening 71 0 for forming the through hole. Then, the catalyst core is activated. To 
add the catalyst core, noble metal ions or noble metal colloid is employed. In general, palladium chloride or palladium 
colloid is employed. 

[0408] After addition of the catalyst core and the process for activating the catalyst core have been completed, elec- 
troless copper plating is performed to form the thin copper-plated layer 707 on the overall surface of the copper ground 
layer 706 and the surface of the inner wall of the opening 710 for forming the through hole (see Fig. 51 (C)). 
[0409] In a first plating process, an electroless copper plating bath which is one of electroless plating baths is em- 
ployed so that the thin copper-plated layer 707 having a thickness of 0.5 ujti to 2.5 ^im is formed. In the seventh 
embodiment, the thickness of the thin copper-plated layer 707 is made to be about 1 .0 urn. If the thickness of the thin 
copper-plated layer 707 is too small, there is apprehension that the electrolytic plating cannot reliably be deposited on 
the overall surface of the inner wall of the opening 710 for forming the through hole in the following plating process. 
Therefore, there is apprehension that defective conduction of the plated through hole 703 occurs and a satisfactory 
improvement in the reliability cannot be realized. If the thickness of the thin copper-plated layer 707 is too large, the 
productivity deteriorates or the cost is raised. Moreover, there is apprehension that a sufficiently large portion corre- 
sponding to the thickness which must be reduced in the conductor pattern dividing process cannot be reduced. 
[0410] After the first plating process has been completed, a predetermined mask 711 which serves as the plating 
resist is formed on the thin copper-plated layer 707. In the foregoing case, it is preferable that the mask 711 is formed 
by using a commercial dry film photoresist. The reason for this lies in that use of the photosensitive material wiii con- 
tribute to an improvement in the accuracy of formation of the pattern. The foregoing dry film photoresist is laminated, 
and then exposure and development are performed by usual methods. As a result, as shown in Fig. 52 (A), the mask 
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711 having the opening 712 at a predetermined position thereof and a thickness of 35 urn is formed. 
[041 1 ] After the process for forming the mask has been completed, electrolytic copper plating bath which is one of 
the electrolytic plating is used to form the thick copper-plated layer 708 in the portion exposed over the opening 712 
(see Fig. 52 (B)). When the foregoing thick copper-plated layer 708 is formed, only the portion which will be formed 

5 into the conductor pattern 702 is selectively thickened. As the electrolytic copper plating bath, a copper sulfate plating 
bath is employed in the seventh embodiment. As a result of the second plating process, the thick copper-plated layer 
708 having a thickness of about 15 pmm to about 50 um is formed on the thin copper-plated layer 707 positioned at 
the exposed position. If the thickness of the thick copper-plated layer 708 is too small, a required thickness of the 
conductor pattern 702 which will finally be obtained cannot be maintained. If the thickness of the thick copper-plated 

10 layer 708 is too large, there is apprehension that the productivity deteriorates and the cost is raised excessively. In the 
seventh embodiment, the thickness of the thick copper-plated layer 708 is made to be about 20 um. 
[041 2] After the second plating process has been completed, the mask 71 1 which has been made to be unnecessary 
is separated. Thus, the thin copper-plated layer 707 positioned below the mask 711 is exposed (see Fig. 53 (A)). An 
etchant which is capable of dissolving copper is used to perform an etching process so that the thin copper-plated 

is layer 707 and the copper ground layer 706 are completely removed. In this embodiment, the process is performed 
such that no etching resist is provided on the thick copper-plated layer 708. Therefore, the uppermost layer of the thick 
copper-plated layer 708 is also etched by about 2 urn. As a result of the foregoing process, the conductor pattern 702 
is divided so that the printed circuit board 701 shown in Fig. 53 (B) is manufactured. 
[041 3] Therefore, the seventh embodiment atlains the following effects. 

20 

(1 ) Both of the thicknesses of the thin copper-plated layer 707 and the copper ground layer 706 can considerably 
be reduced. Therefore, the thickness which must be removed by etching in the conductor pattern dividing process 
can considerably be reduced to about 2 urn as compared with the conventional technique. Therefore, the conductor 
pattern 702 formed owing to the dividing process is not formed into the divergent shape. As a result, a fine pattern 

25 having a satisfactory shape can accurately be formed. 

(2) The electroless copper plating bath is employed in the first plating process and the electrolytic copper plating 
bath is employed in the second plating process so that the printed circuit board 701 is manufactured. Namely, the 
electroless copper plating bath is employed only when plating is deposited on the surface of the inner wall of the 
opening 710 for forming the through hole. Then, very low-cost electrolytic copper plating bath with which the de- 

30 positing speed can be raised is employed. As a result, the cost reduction and improvement in the productivity can 

be realized. 

Since the very thin copper-plated layer 707 can be formed, the thickness which must be removed in the process 
for dividing the conductor pattern can considerably be reduced. Therefore, the foregoing selection of the plating 
bath reliably contributes to furthermore the accurate formation of a fine pattern having a satisfactory shape. 

35 (3) The process for dividing the conductor pattern in the seventh embodiment is performed by etching which is 

performed such that no etching resist is disposed on the thick copper-plated layer 708. Therefore, the process for 
forming and separating the etching resist in the foregoing process can basically be omitted. As a result, the number 
of processes can be reduced, causing the productivity to furthermore be improved. Moreover, the thickness of the 
thick copper-plated layer 708 which must be reduced by etching is considerably reduced to about 2 urn. Multilayered 

40 printed circuit boards result, if the etching process is performed, no adverse influence is exerted on the accuracy 

of the formed pattern and cost reduction. 

(4) The printed circuit board 701 obtained by the foregoing manufacturing method incorporates the conductor 
pattern 702 which incorporates the copper ground layer 706 caused from the copper foil 709 and having the thick- 
ness of about 1 .0 |im, the thick copper-plated layer 708 having the thickness of about 1 .0 urn and the thick copper- 
as plated layer 708 having the thickness of 20 um. The metal materials which constitute the three layers are the same 

(that is, copper). The foregoing conductor pattern 702, serving as the conductor portion, has a sufficiently large 
thickness, an excellent shape and satisfactory conduction characteristic. Moreover, another advantage can be 
realized in that satisfactory reliability is obtained. 

(5) In the seventh embodiment, the copper-plated laminated member 705 incorporates the insulation substrate 
50 704 to which the copper foil 709 having a thickness of 0.5 urn to 7.0 um is bonded to each side thereof. Thus, the 

printed circuit board 701 is manufactured. When the foregoing copper-plated laminated member 705 is employed, 
the soft desmear process is able to completely remove the smear. Moreover, the copper ground layer 706 having 
a preferred thickness can easily and reliably be formed. Therefore, the copper-plated laminated member 705 is a 
satisfactory material when an excellent printed circuit board 701 is obtained by the foregoing method. 

[0414] Note that the seventh embodiment may be changed as follows. 

[0415] The seventh embodiment is not limited to the foregoing double-side board. For example, the printed circuit 
board 701 according to the embodiment may be used as the core substrate to manufacture a multilayered printed 
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circuit board 21 according to a first modification shown in Fig. 54. The printed circuit board 701 may be used as the 
base substrate to manufacture a built-up and multilayered printed circuit board 31 according to a second modification 
shown in Fig. 9. 

[0416] A variety of metal-plated laminated board to which, for example, aluminum foil, tin foil, gold foil silver foil 
platinum foil or nickel foil except for the copper-plated laminated member 705 is applied may be used to manufacture 
the printed circuit board 701 . 

[0417] As an alternative to the wet method according to the seventh embodiment, the desmear process may be 
performed by a dry method which is represented by, for example, a plasma method. 

[0418] In the first plating process, the electroless plating bath except for the electroless copper plating bath may be 
employed to form a thin electroless solder plating layer, electroless gold plating layer or electroless palladium plating 

[0419] In the second embodiment, an electrolytic plating bath except for the electrolytic copper plating bath may be 
employed to form a thick electroless nickel plating layer, electroless plating chrome plating layer or electroless qold 
plating layer. 3 

[0420] The thin electroless plating layer, the thick electrolytic plating layer and the ground layer are not always re- 
quired to be made of the same metal material. Different metal materials may be combined with one another. 
[0421 ] In addition to the technical ideas claimed in claims, technical ideas obtainable from the foregoing embodiments 
and attained effects will now be described if necessary. 

(1) Aprinted circuit board having a conductor pattern (formed by, for example, the subtractive method or the like) 
incorporates a copper ground layer which is caused from copper foil bonded to an insulating substrate and having 
a thickness of 0.5 um to 7.0 um and which has a thickness of 0.2 um to 2.5 u.m; and a thick electrolytic copper 
plated layer formed on the thin electroless copper plated layer and a thickness of 8.0 |im or greater. Therefore, 
the invention described in the technical idea 1 is able to provide a dense printed circuit board exhibiting excellent 
reliability, low cost and pattern formation accuracy. 

(2) A multilayered printed circuit board incorporating a printed circuit board disclosed in any one of the technical 
idea 1 as a core substrate. Therefore, according to the invention described in the technical idea 2, a dense printed 
circuit board exhibiting excellent reliability, low cost, pattern formation accuracy and improved function can be 
provided. 

(3) A built-up multilayered printed circuit board incorporating the printed circuit board described in any one of the 
technical idea 1 as the base substrate. Therefore, according to the invention described in the technical idea 3 a 
dense printed circuit board exhibiting excellent reliability, low cost, pattern formation accuracy and improved func- 
tion can be provided. 

(4) A copper-plated laminated board formed by bonding copper foil having a thickness of 0.5 um to 7.0 umi to each 
of the two sides of an insulating substrate. Therefore, according to the inventions described in the technical idea 
4, a preferred material for obtaining the excellent printed circuit board by the foregoing manufacturing method can 
be provided. 

(5) A copper-plated laminated board formed by bonding copper foil having a thickness of 1 .0 um to 3.0 pm to each 
of the two sides of a glass cloth substrate impregnated with epoxy resin, poiyimide resin or BT resin. Therefore 
according to the invention described in the technical idea 5, a preferred material for obtaining the excellent printed 
circuit board by the foregoing manufacturing method can be provided. 

(6) With either of the technical ideas 1 and 2, the desmear process is performed such that the desmear solution 
is processed under a condition that the conductive metal foil does not disappear. 

(7) The desmear process is performed such that the desmear solution is processed under condition that the initial 
thickness of the conductive metal foil is reduced from 1/10 to 1/2. 

(8) A printed circuit board having a conductor pattern formed by the subtractive method, wherein the conductor 
pattern incorporates a ground layer caused from very thin conductive metal foil, which is bonded to an insulating 
substrate, and having a thickness of 0.2 urn to 2.0 um; and a plated layer formed on the ground layer. 

(9) Aprinted circuit board having a conductor pattern formed by the subtractive method, wherein the conductor 
pattern incorporates a ground layer, which is caused from conductive metal foil bonded to an insulating substrate 
and which has a thickness of 0.5 urn to 5.0 um, and which has a thickness of 0.2 n m to 2.0 um; and a thick plated 
layer formed on the thin plated layer. 

55 Claims 

1 - A method of manufacturing a multilayered printed circuit board comprising at least the steps (1 ) to (5): 
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(1) pressing resin for forming an interlayer insulating resin layer having a metal film formed thereon against a 
substrate for forming a conductor circuit; 

(2) reducing the thickness of the metal film by performing etching; 

(3) forming an opening in the metal film; 

(4) applying a laser beam to remove the resin for forming the interlayer insulating resin layer exposed through 
the opening so as to form an opening for forming a via hole; and 

(5) depositing a plating conductor in the opening for forming the via hole so as to form the via hole. 

2. Amethod of manufacturing a multilayered printed circuit board comprising at least the steps (1 ) to (8): 

(1) pressing resin for forming an interlayer insulating resin layer having a metal film formed thereon against a 
substrate for forming a conductor circuit; 

(2) reducing the thickness of the metal film by performing etching; 

(3) forming an opening in the metal film; 

(4) applying a laser beam to remove the resin for forming the interlayer insulating resin layer exposed through 
the opening so as to form an opening for forming a via hole; 

(5) forming an electroless plated film on the substrate for forming the conductor circuit; 

(6) forming a plating resist on the substrate for forming the conductor circuit; 

(7) electrolytic-plating a portion in which the plating resist is not formed; and 

(8) removing the plating resist to remove the metal film and the electroless copper plated film below the plating 
resist by performing etching. 

3. A method of manufacturing a multilayered printed circuit board according to claim 1 or 2, wherein the metal film 
is copper foil. 

4. A method of manufacturing a multilayered printed circuit board according to claim 1 or 2, wherein the thickness of 
the metal film is made to be 5 urn to 0.5 u/n in the step for reducing the thickness of the metal film by performing 
etching. 

5. A method of manufacturing a multilayered printed circuit board comprising at least the steps (1 ) to (8): 

(1) pressing resin for forming an interlayer insulating resin layer having a metal film having a thickness of 5 
jim to 0.5 jim against a substrate for forming a conductive circuit; 

(2) forming an opening in the metal film; 

(3) applying a laser beam to remove the resin for forming the interlayer insulating resin layer exposed through 
the opening so as to form an opening for forming a via hole; and 

(4) depositing a plating conductor in the opening for forming the via hole so as to form the via hole. 

6. A method of manufacturing a multilayered printed circuit board incorporating a substrate on which a lower con- 
ductive circuit is formed, an insulating resin layer and an upper conductive circuit formed on the lower conductive 
circuit and having a structure that the lower conductive circuit and the upper conductive circuit are connected to 
each other through a via hole, the method of manufacturing a multilayered printed circuit board comprising the 
steps of: 

forming the lower conductive circuit on the substrate; forming the insulating resin layer on the lower conduc- 
tive circuit; forming a coarsened surface on the surface of the insulating resin layer; forming, on the coarsened 
surface, a metal layer having an opening through which a portion of the coarsened surface is exposed; irradiating 
the coarsened surface exposed through the opening with a laser beam to remove the insulating resin layer to form 
an opening for the via hole; and forming the upper conductive circuit and the via hole. 

7. A method of manufacturing a multilayered printed circuit board according to claim 6, wherein the insulating resin 
layer contains particles which are dissolved by acid or an oxidizer, and the particles are dissolved by the acid or 
the oxidizer so that the coarsened surface is formed on the surface of the insulating resin layer. 

8. A method of manufacturing a multilayered printed circuit board incorporating a substrate on which a lower con- 
ductive circuit is formed, an insulating resin layer and an upper conductive circuit formed on the lower conductive 
circuit and having a structure that the lower conductive circuit and the upper conductive circuit are connected to 
each other through a via hole, the method of manufacturing a multilayered printed circuit board comprising the 
steps of: 
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forming the lower conductive circuit on the substrate; laminating, heating and compressing metal foil having 
a coarsened surface formed either surface thereof and the insulating resin layer formed on the coarsened surface 
such that the insulating resin layer is made contact with the lower conductive circuit so that the metal foil is inte- 
grated' etching a portion of the metal foil to form an opening to expose the coarsened surface of the insulating 
resin layer irradiating the coarsened surface exposed through the opening with a laser beam to remove the insu- 
lating resin layer so as to form an opening for forming the via hole; and forming the upper conductive circuit and 
the via hole. 

9. A method of manufacturing a multilayered printed circuit board according to claim 7 or 8, wherein the coarsened 
surface has maximum roughness (Rj) of 0.01 \i m to 5 urn. 

10. A method of manufacturing a multilayered printed circuit board according to any one of claims 6 to 9, wherein the 
laser beam is a carbon-dioxide gas laser beam. 

11. A method of manufacturing a multilayered printed circuit board according to anyone of claims 6 to 10, wherein a 
coarsened surface is formed on the surface of the lower conductive circuit. 

12 A multilayered printed circuit board comprising: a substrate on which a conductive circuit is formed; an interlayer 
insulating resin layer formed on the conductive circuit; an opening for forming a via hole formed in the interlayer 
insulating resin layer; and another conductive circuit including a via hole and formed on the interlayer insulating 
resin layer, wherein 

the surface of the conductive circuit is subjected to a coarsening process using etching solution containing 
cupric complex and organic acid, and 

stripe pits and projections are formed on the inner wall of the opening for forming the via hole. 

13 A method of manufacturing a multilayered printed circuit board including (1 ) a step of forming a conductive circuit; 
(2) a step of forming an interlayer insulating resin layer on the conductive circuit; (3) a step of applying a laser 
beam to form an opening for forming a via hole in the interlayer insulating resin layer; and (4) a step of form.ng 
another conductive circuit including a via hole on the interlayer insulating resin layer, wherein 

the surface of the conductive circuit is subjected to a coarsening process by using etching solution containing 
cupric complex and organic acid. 

14 A method of manufacturing a multilayered printed circuit board according to claim 1 2, wherein the etching solution 
" containing the cupric complex and the organic acid is sprayed to the surface of the conductive circuit or the con- 
ductive circuit is immersed in the etching solution under a bubbling condition so that the surface of the conductive 
circuit is subjected to the coarsening process. 

1 5 A multilayered printed circuit board incorporating interlayer insulating resin layers and conductive layers laminated 
alternately and structured such that the conductive layers are connected to one another through via holes each 
of which is formed by forming a metal film in a through hole formed in each of the interlayer insulating resin layers, 
said multilayered printed circuit board comprising: 

stripe pits and projections formed on the side wall of the through hole. 

16. A multilayered printed circuit board according to claim 15. wherein the interlayer insulating resin layer is made of 
thermosetting resin or a composite material of the thermosetting resin and thermoplastic resin. 

1 7. A multilayered printed circuit board according to claim 1 5 or 1 6 , wherein the interlayer insulating resin layer contains 
acrylic monomer. 

18. A method of manufacturing a multilayered printed circuit board comprising at least the steps (a) to (d): 

(a) forming a conductive circuit; 

(b) coating the conductive circuit with resin; 

(c) irradiating the resin with a carbon-dioxide gas laser beam to form a through hole which reaches the con- 
ductive circuit such that the carbon-dioxide gas laser beam is vertically applied to the conductive circu.t below 

* _ ___n_ * +u« /^ir/^i lit anrl inHHpnt wave tO OCCUr SO that 

the resin to cause inienerenue ui itjntjuitru wave num mc 

stripe pits and projections are formed on the side wall of the through hole; and 
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(d) coating the through hole with metal to form a via hole. 

19. A method of manufacturing a multilayered printed circuit board according to claim 1 8. wherein the resin is thermo- 
setting resin or a composite material of the thermosetting resin and thermoplastic resin. 

20. A method of manufacturing a multilayered printed circuit board according to claim 18 or 19, wherein the step of 

ri h : , n e J nC,Ud , eS 8 ? P ° f f0rm5ng a reslst after an electrons copper plated film has been formed in 
the through hole and supplying electric power through the electroless plated film to form an electrolytic plated film 
in a portion in which the resist is not formed. 

21 . A multilayered printed circuit board according to any one of claims 1 8 to 20, wherein the interlayer insulating resin 
layer contains acrylic monomer. a 

22. A method of manufacturing a printed circuit board comprising at least the steps (a) and (b): 

(a) forming a solder-resist layer on the surface of a substrate on which a conductive circuit has been formed- 
and * 

(b) irradiating the solder-resist layer with a laser beam to form a through hole which reaches the conductive 

C# 1 1 L L J 1 1 



23. A method of manufacturing a printed circuit board according to claim 22, wherein the surface of the conductive 
circuit has a metal coarsened layer. 

24. A method of manufacturing printed circuit board according to claim 22, wherein (c) a step of forming a bump made 
metal havmg a low melting point in the through hole is performed after the step (b). 

25 »nnfTi? 1 mS r fa ^ ring prin u t6d circuit board accord 'ng to claim 22, wherein a laser beam in a sing.e mode is 
fom^d 9 h °' e S ° that 3 thr ° Ugh h ° te h8Ving a diameter of 300 ,0 650 f™ j s 

26 ' !n,2° d tK f m t anu,acturin 9 ? rinted circuit boa * ^cording to claim 22, wherein a laser beam in a multi mode is 
a P pl,ed,nthestepofform.ngthethrough 

27 tTl°i°\* anU, ^T 9 3 P I in,ed CirCUit b ° ard aCCOrdi " 9 t0 ar, y one of c,aims 22 to 2 6. wherein the step of 
SZ2£ 7k , "J 8 Perf0rmed SUCh that thS cart,0 "- dioxi de gas laser beam is vertically applied to the 
conduct^e c.rcuit below the resin to cause interference of reflected wave from the conductive circuit and incident 
wave to occur so that stripe pits and projections are formed on the side wall of the through hole. 

28. A method of manufacturing a printed circuit board according to claim 27, wherein the step of forming the bumo is 
performed such that a metal film is provided for the through ho.e having the side wall provided with the striZi s 
and projections, and then metal having a low melting point is enclosed. 

29 ' » c P riH ted drC ^ b ° ard : ncor P° ratina a substrate P^ed with a conductive circuit and having a surface on which 
a solder-resist layer is formed, said printed circuit board comprising: 

stripe pits and projections formed on the side wall of a through hole formed in the solder-resist layer. 

30. A printed circuit board according to claim 29, wherein a bump made of metal having a low melting point is formed 
in the through hole through a metal film. 

31. A printed circuit board according to claim 29 or 30, wherein the solder-resist layer is made of theimosettino resin 
or a composrte material of the thermosetting resin and thermoplastic resin. rmosert.ng resm 

32 " iK^S22^r ,n-n9 to any one of c,aims 29 to 31 • wher6in a coarsened ,ayer is formed on the surface 

33. A printed circuit board according to any one of claims 24, 28 or 30, wherein the low melting point metal comprises 
at least one of Sn/Pb, Ag/Sn or Ag/Sn/Cu. comprises 
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34. A method of manufacturing a multilayered printed circuit board such that a through hole is 
copper-plated laminated board by performing a laser machining and the through hole is made to be conductive to 
form a through hole so that a core substrate is manufactured, and 

an interlayer insulating resin layer and a conductive circuit are formed on the core substrate, said method of 
manufacturina a multilayered printed circuit board comprising the step of: 
makingthe^ 

35. A method of manufacturing a multilayered printed circuit board according to claim 34, wherein the laser machining 
uses a carbon-dioxide gas laser beam. 

36 A method of manufacturing a multilayered printed circuit board according to claim 34 or 35 wherein the laser 
manning uses short-ou.se cartoon-dioxide gas laser beam of 20 mJ to 40 mJ and 10"* second to 10-8 second . 

37 A substrate for forming a through hole such that a through hole is formed in a double-side copper-plated laminated 
lard and the through hole is made to be conductive so that a through hole is formed, said substrate comprising: 

taper provided for the through hole. 

38. A substrate for forming a through hole according to claim 37. wherein the taper is formed in such a manner that 
the diameter of the through hole is enlarged in a direction of the substrate. 

39. A substrate for forming a through hole according to claim 37, wherein the taper is formed in such a manner that 
the cross section of the through hole is formed into a concave shape. 

40 A multilayered printed circuit board incorporating a substrate in the form of a double-side copper-plated laminated 
' board in which a through hole is formed such that the through ho.e is made to be conductive so *at a trough 
hole is formed and an interlayer insulating resin layer and a conductive circuit are formed on at least either s.de 
of the substrate, said multilayered printed circuit board comprising, 
taper provided for the through hole. 

30 41. A multilayered printed circuit board according to claim 40. wherein the thickness of the copper foil and a plated 
layer of the copper-plated laminated board is 10 urn to 30 u.m. 

42. A multilayered printed circuit board according to claim 40 or 41 , wherein the taper is formed in such a manner that 
the diameter of the through hole is enlarged in a direction of the substrate. 

43. A multilayered printed circuit board according to claim 40 or 41 , wherein the taper is formed in such a manner that 
the cross section of the through hole is formed into a concave shape. 

44. A multilayered printed circuit board according to any one of claims 40 to 43, wherein the through hole is filed with 
40 a filler. 

45 A built-up multilayered printed circuit board comprising: a substrate having a through hole and a conductive circuit 
" and structured such that interlayer insulating resin layers and conductive circuits are alternately formed and he 
conductive circuits in the different layers are electrically connected to one another through via holes formed m the 
45 interlayer insulating resin layers, wherein 

the substrate is a glass epoxy resin substrate made of epoxy resin having Tg point of 190 C or higher. 

46. A method of manufacturing a printed circuit board incorporating through holes and conductor patterns formed by 
a subtractive method, saidmethod of manufacturing a printed circuit board comprising: 

an opening forming step for forming an opening for forming a through hole at a predetermined position of a 
metal-applied board formed by applying conductive metal foil having a thickness of 0.5 urn to 7.0 urn to each 
of two sides of an insulating substrate; 

a desmear step for dissolving and removing smear existing in the opening for forming the through hole; 
a first plating step for forming a thin plated layer on a ground layer caused from the conductive metal foil and 
th^ e.,rface ^ f th * inn ^ r w ^ 11 of tne opening for forming the through hole; 

a second plating step for forming a mask on the thin plated layer and forming a thick plated layer on a portion 
exposed through an opening of the mask; and 
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t^mSrf Hin9 ^ ? r,hS m3Sk bee " S6Parated S ° thm ,hS thin P ,ated ^ and ground layer below 
the mask are removed so as to divide the conductor patter. 

48 ' i!S£ d ° f ™ n * a * urin 9 a P rinted ci ™« board according to claim 46, wherein the first plating step uses an 
electroless plating bath, and the second plating step uses an electrolytic plating bath. ep uses an 

49 ' ° f manuf ^ turin 9 a P rimed circuit b °^d according to claim 46, wherein the first plating step uses an 

I™J X W f 1 P 9 bath l ° f0rm 3 COPPer P ' ated layer havin 9 a thickness ° f 0-2 Mm to 2 5 urn and the 

S^CSilT uses an electro,ytic copper plating bath t0 form a copper plated laye " having a ^ ick "- of 

50 ' iT^T' manU, f C,Urin 9 a P rin,ed circui * b ^rd according to any one of claims 46 to 49, wherein the step for 

nE£22EL P T ,n TT™" 9 etChin9 13 Perf0rmed in 3 S,ate in which "° ^hing resist is prided 
for the thick plated layer formed in the secon d plating step . 

51 " L P e?orovS^io b0ard C 7 PriSin9 K a COnductor P atter ". wherein the conductor pattern includes a metal ground 

:^z:Tjz:zT n9 substrate and having a thickness ° f 02 ^ <° 3 ° ^ - a p— 2— 



52. 



raveTo e rlt r Sd i l^ ard CO T, riSin9: ! C ° ndUC, ° r Where ' n the COnductor P atter " incorporates a metal ground 

ayer provided for an msulatmg substrate and having a thickness of 0.2 ^m to 2.5 p, a plated layer fotmed on 
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